THE MAGAZINE FOR THE RADIO & ELECTRONICS EXPERIMENTALIST 
July/August 1990 £2.95 


Battery tester 

Sound demodulator for SAT TV receivers 
Square-wave generator 

TTL-level 100 MHz quartz oscillator 
SCARFEplug FM mini sender 

Versatile NiCd battery charger 


—— 4 (ee 
bi tnt Tcea ‘ — < 
Sees ml — ‘ gue” 

BLL a eg TTT TC 5 
|| ‘ << -\ 
‘ 


tt 


770268451012 


In our next issue: 


S-VHS RGB converter 
High-current Hratester 
Light-dimming robot 
Mixer-amplifier 

Isolation amplifier 
Inter-IC communications 
LF-HF test probe 

AC motor control 


Front cover 
Information about 'The Times 
Atlas of the World’ is among 

} more than one million authorita- 
tive records now stored on CD- 
ROM for use by professional 
librarians all over the world. 
The British Library's National 
Bibliographic Service has placed 
comprehensive details of fiction 
and non-fiction books published 


in Britain since 1950 on the com- 


pact disc system, 

As the British National Bibliogra- 
phy (BNB) on CD-ROM is 
expected to be of interest to the 
public, academic and industrial 
libraries of many countries, the 
user interface can be switched 
between English, French, Ger- 
man or Italian. 

The system employs the same 
easy-to-use software as the 
British Library General Cata- 
logue of Printed Books to 1975, 
databases of the Biblitheque 
Nationale of France, the 
Deutsche Bibliothek of West 
Germany and the Library of 
Congress, USA. 

In the background of the photo- 
graph is the beautiful and his- 
toric Reading Room at the 
British Library in London, which 
is the site for research by people 
from all over the world. 


The British Library 
Bibliographic Services 

2 Sheraton Street 
LONDON W1V 4BH 
Telephone 081 323 7255 
Facsimile: 081 323 7039 
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MEMBEA GF THE AUDIT 
BUREAU OF CIRCULATIONS: 


COMPUTERS TAKE OVER IN THE CAR 


Motorists may not normally be thought of 
as computer operators, yet the inescapable 
fact is that the electronics and micorchips 
of the computer age are now becoming in- 
volved in virtually every aspect of modern 
cars, from engine control to braking. 

There are even suspension systems in 
which a computer takes the place of 
springs, while electronics are increasingly 
part of in-car entertainment and mobile 
communication systems, 

In Britain, road and traffic experts are 
already well on the way to developing a 
practical computer-based system that will 
serve as both an aid to car navigation and 
a means of avoiding traffic congestion. 

The latest Jaguar XJ6, for instance, has 
no fewer than seven computers that look 
after the engine, suspension and brakes, 
cruise control and the vehicle's sophisti- 
cated air-conditioning system. 

Many of the latest car engines have 
electronic management systems that bring 
higher levels of efficiency and economy. 
Typical of recent advances is the Modular 
Engine Management System—MEMS—de- 
signed and developed by the Rover 
Group. This controls functions such as 
fuel injection, emissions and spark timing 
from a single microchip unit. 


Totally interlinked systems 


MEMS has its own 8 kbyte memory and 
also helps in servicing the engine, as the 
microprocessor can signal any developing 
faults. 

Paul Ryder, head of engine manage- 
ment at Lucas Components, one of 
Britain's leading electronic car system 
makers, recently predicted cars in the near 
future with interlinked electronic systems 
in which chassis, engine and brake con- 
trollers would share the information from 
their various sensors to manage the car as 
a whole. 

A new £10 million research centre set 
up by Ford in Britain houses Europe's 
most modern test equipment for automa- 
tive electronic systems, including the 
most advanced spark plug laboratory and 
the largest anechoic chamber for research 
into in-car audio entertainment systems. 

Sensors and electronic engine manage- 
ment systems such as Ford's EEC Iv are 
tested there, while the anechoic facil- 
ity—a chamber designed to be free from 
all echoes and sound reflections—is used 
to perfect audio equipment. 

The centre is also working with inter- 
national broadcasting authorities on radio 
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data systems that avoid the need to retune 
manually to the strongest signal in differ- 
ent areas. These systems also allow 
drivers to be given traffic information au- 
tomatically for their location. 


Used by the champion 


Sports car manufacturer Lotus is perhaps 
the best-known developer of active, or 
computerized, suspension systems, Nigel 
Mansell drove a Lotus 92 racing car fitted 
with this type of suspension in Grands 
Prix as long ago as 1983. 

Lotus systems use microprocessor-con- 
trolled hydraulic rams powered by the en- 
gine to control the wheels’ path over 
bumps, as well as chassis braking, corner- 
ing and pitching of the car body. 

So far no mass production car has yet 
been made with this type of sophisticated 
computerized suspension. However, 
Rolls-Royce, traditionally among the 
most conservative of designers, recently 
introduced a microchip-controlled auto- 
matic ride control system said to be un- 
equalled. 

In this, the stiffness of the suspension 
adapts in only 1/100th of a second to 
changes in road conditions and selects the 
appropriate ‘comfort’, ‘normal’ or *hard’ 
setting automatically, To do so, it uses a 
microprocessor and sensors that continu- 
ously monitor acceleration, road surface 
condition, braking and steering changes. 

A new era of computer-aided vehicle 
navigation seems to be just around the 
corner. Drivers in London, for instance, 
will by 1993 have access to a an advanced 
guidance system that promises to cut 
down both journey times and driver fa- 
tigue. 

The GEC Autoguide system has been 
chosen for a government-sponsored pilot 
scheme that will be operational in central 
areas of the city next year. It will provide 
the driver with up-to-the minute direc- 
lions for the best route to a chosen desti- 
nation by a dashboard-mounted display 
and audible instructions. 

The heart of this system is a central 
computer that notes current journey times 
on each route, continuously updates cal- 
culation of preferred routes, and broad- 
casts instructions to drivers from roadside 
beacons using an infra-red beam. 

Later, it may even be able to advise 
about the availability of parking space in 
a chosen area. Urban motoring will just 
not be the same again. | 


RADIOCOMMUNICATIONS 
EXECUTIVE AGENCY 
The Radio Communications Division of 
the Department of Trade and Industry has 
become the Radiocommunications Agency 
as one of the government's ‘Next Steps’ 
Executive Agencies. 

The creation of Next Step Executive 
Agencies within Government is part of the 
Next Steps Initiative launched by the 
prime minister in February 1988. They are 
designed to bring about lasting improve- 
ments in the quality and efficiency of gov- 
ernment services to the benefit of cus- 
tomers and texpayers. 

There will not be a lot of immediate 
difference between the old Radiocommu- 
nications Division and the new Radiocom- 
munications Agency, but over time the 
change will be substantial. According to 
the chief executive of the new agency, “we 
will be working hard to face the chal- 
lenges of the 1990s and to build on the 
progress achieved by the Radiocommuni- 
cations Division in recent years. In partic- 
ular, Agency status will give us an addi- 
tional incentive to provide an improved, 
effective, quality service to radio users 
throughout the country.” 


TEST SET FOR DIGITAL 
TELEPHONE NETWORKS 
A low-cost, easy-to-use error-performance 
tester for digital telephone networks oper- 
ating between 2 and 140 Mbit/s has been 
introduced by Uplec Industries. 

Designed to comply with the specifica- 
ton for British Telecom's 414A tester, the 
Type 4301 Test Set will be useful to all 
PTTS using CcITT telecom standards and 
other providers of telecommunications 
networks. It has been officially approved 
by British Telecom. 


Operating at 2.048, 8.448, 34.368 and 
139,264 Mbit/s over 75-Q lines and 
2.048 Mbit/s over 120-Q balanced lines, 
the 4301 generates a pseudo-random bit 


sequence to ccitT Standard 0.151 and a 
16-bit programmable word pattern to mon- 
itor the error performance of digital tele- 
com networks. 

Intended for field operation, the 4301 
weighs under 10 kg and can operate from 
200-250 V 50-60 Hz supplies. An internal 
NiCd battery maintains settings and data 
for up to 30 days. 

Uplec Industries Ltd, Oakhurst Hall, 
Oakhurst Road, OSWESTRY SY10 7BZ. 
Telephone (0691) 650422; Fax (0691) 
658553. 


ABERDEEN ENGINEERING 
STUDENTS WIN PLACE ON 
NASA SHUTTLE 
Engineering students from Robert Gor- 
don's Institute of Technology in Aberdeen 
were given a boost recently when they 
learned that their project to test the 
strength of gravitational fields at altitude 
would be sent into orbit on board a NASA 

space shuttle next year. 

The group had competed against two 
other teams from Nottingham and Hatfield 
Polytechnics in the national final of the 
Space Shuttle Competition organized by 
the Institution of Electrical Engineers and 
British Sugar. 

The nationwide competition was 
launched in 1988 to give engineering stu- 
dents the opportunity to design and build a 
small self-contained payload to be carried 
on NASA's Space Shuttle 4060. Space on 
the shuttle (a ‘Getaway Special’) was 
bought from NASA by British Sugar and 
donated to the Institution. 

The winning team now have one year 
to build their project ready for launch 
late next year. Financial and practical 
support will be given by British Sugar 
and local industry. 


BBC's TIME SIGNAL 
Earlier this year, the BBC assumed re- 
sponsibility for the generation of the ‘six 
pips’ time signal. The pips had since 5 
February 1924 been generated at 15- 
minute intervals by the Royal Green- 
wich Observatory. 

The new Time and Frequency system 
has been designed to provide accurate 
time and frequency signals to users in 
the BBC Network Radio and other BBC 
areas as required. 


The Time Standard uses three off-air 
radio receivers in a triple redundancy 
format. Two of these derive time/date 
information from Global Positioning 
System—cps—-satellites, while the third 
is a low-frequency receiver capable of 
receiving MSF at Rugby or DCF at Mann- 
flingen in Germany. Time and date in- 
formation from all three receivers is pro- 
cessed via a specially designed “Time 
Voting Switch’ which ensures that the 
rest of the system receives accurate 
time/date information, even if off-air re- 
ception is lost for a period. 

The Frequency Standard has two ru- 
bidium atomic oscillators in dual redun- 
dancy configuration. Each oscillator is 
mounted in a GPs receiver and any drift 
is automatically compensated by off-air 
GPS signals, thus avoiding the need of 
regular calibration of these units. The re- 
sulting accuracy and stability of the fre- 
quency standard is half-way between a 
conventional rubidium system and a 
caesium system, and as such this system 
can act as the primary timing level ina 
digital transmission system. 

BBC Engineering Information, 
Broadcasting House, LONDON WIA 
1AA. Telephone 081 927 5432. 


01-5.5 GHZ PLASTIC-PACKAGED 
SILICON MMIC 


Avantek has now available a plastic- 
packaged version of its highest-fre- 
quency MODAMP™ silicon monolithic Ic 
amplifier. Designated MSA-0986, the 
MMIC amplifier provides 7.2 dB gain 
with +0.5 dB gain flatness from 01 GHz 
to 3.0 GHz, and a 3 dB bandwidth of 
typically 0.1 GHz to 5.5 GHz. At 2 GHz 
the unit provides +10.5 dBm output 
power, a noise figure of 6.2 dB, typi- 
cally 1.6:1 input and 1.8:1 output vswR 
(0.1-3.0 GHz) and is unconditionally 
stable. 

Avantek Inc., 481 Cottonwood Drive, 
MILPITAS, Ca 95035-7492, or, in UK: 
Wave Devices, Laser House, 132-140 
Goswell Road, LONDON EC1V 7LE. 
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UNIVERSAL COMPUTER/PRINTER 
BUFFER 
Micro Control Systems has developed a 
computer memory unit that provides a 
printer buffer with two inputs and two out- 
puts. The advantages of the ‘X Buffer’ in- 
clude the ability to connect any computer 
with a serial or parallel output to any 
printer with a serial or parallel input 
—equipment that would otherwise be in- 
compatible. The buffer memory starts at 
64 kbytes and can be expanded with plug- 
in modules up to 4096 kbytes, big enough 
to store a very long document or even a 
whole book (over half a million words). 
Micro Control Systems Ltd, Electron 
House, Bridge Street, SANDIACRE 
NG10 SBA. 


DUXFORD RADIO SOCIETY 

The Duxford Radio Society was formed in 
1986. It saw its beginnings during the pre- 
vious two years when former members of 
the Special Forces Signal Section operated 
a radio station from Duxford to celebrate 
the 40th anniversaries of D Day and VE 
Day in 1984 and 1985 respectively. 


Letenworth Baldock 


Stevenage 


ani 


Risnop’s 
Storttare 


The association between the society 
and the Imperial War Museum was put on 
a firm footing when in September 1986 
the society's call sign GB2IWM was regis- 
tered at the Home Ofice. Since then, regu- 
lar exhibitions of communications equip- 
ment relating to particular themes have 
been held at Duxford on special event 
days. The radios and associated items on 
display are from both the Imperial War 
Museum's communications collection and 
members of the Radio Society. 

The society is not an Amateur Radio 
Club, but aims to combine amateur radio 
with interest in radio history and to offer 


im) 
Cheimstare 
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SLECTRONICS SCENES 


some expertise in the documentation, 
restoration and operation of historic mili- 
tary and clandestine radio gear. 

Duxford Radio Society, Duxford Air- 
field, CAMBRIDGE CB2 4QR. Tele- 
phone (0223) 833963. 


NEW DEVELOPMENTS IN 
TRANSFORMER TECHNOLOGY 
At present, the majority of condition mon- 
itoring techniques for transformers rely on 
the detection of a fault. Provided the fault 
evolves relatively slowly, the consequen- 

tial effects can be minimized. 

Progressing a stage further, ERA Tech- 
nology is developing Frequency Domain 
Measuring—FrpM—techniques capable of 
detecting a weakness, rather than a fault, 
within the transformer. The types of weak- 
ness that the techniques will uncover, for 
instance, winding displacement or slack- 
ness, often remain undetected and can lead 
to catastrophic failure and unplanned out- 
age if they are not treated. Winding slack- 
ness in particular can be removed and fur- 
ther damage prevented. 

The techniques being developed work 
by identifying and tracking resonant 
modes exhibited by any electrical wind- 
ing. It is generally recognized that the res- 
onant behaviour of a winding is strongly 
influenced by changes in the relative posi- 
tion of winding conductors or, indeed, the 
relative position of the windings. The pre- 
sent development makes use of a swept si- 
nusoidal source to excite winding reso- 
nances. 

Experimental work at ERA has already 
proved that FDM techniques can identify 
certain specific forms of winding distor- 
tion. These include extreme winding col- 
lapse, axial displacement between concen- 
tric windings and winding slackness. 

Two forms of FDM test instrumentation 
are also being developed b y ERA. The 
first of these, static FpM testing, involves 
an assessment of the windings in their 
‘rest’ or static positions. Development 
work to date allows a number of winding 
faults and displacement disorders to be de- 
termined from typical test data. 

Work is also being carried out on dy- 
namic FDM testing—that is, the process of 
tracking dynamically the movement of 
conductors. ERA's objective is to develop 
instrumentation that will provide a mea- 
surement of winding slackness. A tech- 
nique capable of dynamically tracking 


winding vibration is currently being evalu- 
ated and ERA hopes ultimately to apply it 
to on-line monitoring. 

ERA Technology Ltd, Cleeve Road, 
LEATHERHEAD KT22 7SA. Telephone 
(0372) 374151. 


UL RECOGNITION FOR SILICONIX 
POWER TRANSISTOR MODULES 
Siliconix's Type SPMB50A500 and Type 
SPMF50A500, a range of 500 V, 50 A Iso- 
POWER transistor modules, have UL status 
as recognized components under Section 
QQQX2—Component Power Switching 

Semiconductors. 

UL recognition means that the modu- 
lates have been 100% tested to ensure that 
they conform to UL safety standards for 
2500 V insulation and flammability in 
tough industrial applications, 

The modules allow the construction of 
motor controls and power supplies without 
the need to parallel discrete transistors. 
They will operate directly from 240 V 
power lines, thus reducing parts count, 
size and weight of power conversion 
equipment. 

Siliconix Ltd, Weir House, Overbridge 
Square, Hambridge Lane, NEWBURY 
RG14 5UX. Telephone (0635) 30905. 


ADD-ON MODULE FOR 
SATELLITE TV RECEPTION 

An add-on unit is claimed to save TV 
viewers about £200 on the cost of satellite 
TV. The unit, about 100x75x25 mm, con- 
verts existing TV receivers and video 
recorders so that they can be used to watch 
and record the new satellite channels as 
well as the terrestrial broadcasts. Viewers 
still need a dish, but will no longer have to 
buy or rent a separate set-top converter. 

The unit, developed by Zeta Services, 
allows viewers to do what most converters 
do not: watch one satellite channel while 
recording another—most current set-top 
converters can pick up only one channel at 
a time. 

The Zeta module uses the spare tuning 
capacity built into most modern TV sets 
and vcrs. Many of these can be set to tune 
into up to 99 channels. The unit leaves 
plenty of space for the current and planned 
terrestrial channels, but uses the remainder 
of the tuning capacity for existing and fu- 
ture satellite channels. 

Zeta Services Ltd, Harden Park, ALDER- 
LEY EDGE SK9 7QN. Telephone (0625) 
583850; Fax (0625) 585282. 


BATTERY TESTER 


This compact tester, 
designed and marketed 
as a kit by ELV, has three 

LEDs that indicate the 
condition of 
alkali-manganese, 
carbon-zinc, and 
alkali-zinc primary 
batteries of the mignon, 
mono, baby or 
power-block type. 


The growing mass of battery-powered 
equipment brings with it the need of quick 
battery condition testing. The battery tes- 
ter described here helps you to prevent 
getting stuck, at crucial moments, with a 
flat battery or battery pack in, forinstance, 
a cassette recorder, a torch, a remote con- 
trol unit or a personal radio, 

The tester is simple to use: the primary 
battery to be tested is connected by two 
test clips and flexible wires. Three LEDs 
with different colours immediately indi- 
cate whether the battery is as good as new 
(‘full’; green LED), usable (yellow LED), 
or exhausted (‘empty’; red LED). 

The tester is automatically actuated 
when a battery is connected to the test 
leads. This does not work, however, when 
the battery is completely exhausted. 
When this is suspected, the TEST button 


y it. 
Wignon «Baby 
Re (A 14) (R20) GP 22} 


ELV Battery Tester 


must be pressed to prove to the user that 
the battery is really exhausted, or that the 
internal 9-V battery of the tester itself is 


empty. 


Circuit description 


The circuit diagram of the battery tester is 
given in Fig. 1. The circuit is powered by 
a 9-V (PP3) battery, of which the +termi- 
nal is connected to PCB terminal ST3, and 
the -terminal to PCB terminal ST4, The 


a supply voltage. 


Ti receives base current via R24 and con- 


circuit is actuated in a similar manner 
when a voltage greater than about 0.65 V 
exists at the input terminals, ST1 and ST2. 
In that case, resistor R22 feeds a base cur- 
rent into transistor T2. The resultant base 
current of Ti causes the tester to be 
switched on automatically. 

The load resistance of the battery 
under test is determined by a four-posi- 
tion slide switch, Si, and one of four 
potential dividers: 


* ‘Mignon’ (IEC R6) batteries:R1-R7 
* ‘Baby’ (IEC R14) batteries:R2-Rs 
¢ ‘Mono’ (IEC R20) batteries:R3-Ro 
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Fig. 1. 


Circuit diagram of the battery tester. The batery type is selected with a four-position slide switch, $1. 
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flat. When the red LED lights in this con- | 
dition, the battery under test is completely | 


test circuit is powered only when transis- | 
tor Ti conducts. Normally, Ti is held off } 
by R25 so that the circuit does not receive | 


When the TEST button, Tal, is pressed, | 


sequently starts to conduct. The test cir- | 
cuit then receives its supply voltage. The | 
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* ‘9-V power-pack’ (TEC 6F22) batteries: 
R5-Re-R11 


The voltage at the junction of the potential 
divider (Ri-R11) selected with 51 is fed to 
the -inputs (pins 2 and 6) of comparators 
ICia and [CiB. The +inputs of these com- 
parators are held at a reference level cre- 
ated by zener diode D1 and _ potential 
divider Ri3s-Rie, Resistor R12 limits the 
current through this stabilizer, whose 
input voltage is decoupled and buffered 
by electrolytic capacitor C1. Feedback re- 
sistors R17 and Ris provide a certain hys- 
teresis to ensure flicker-free operation of 
the LEDs, 

When the battery voltage exceeds the 
minimum value of 1 V, both comparator 
outputs, pins 1 and 7 of IC1A and IC 1B, are 
ata high potential, so that the red LED, D4, 
lights. When the battery voltage is be- 
tween 1.0 V and 1.3 V, the output of IC1A 
remains high, but that of ICiB goes low. 
Consequently, the red LED goes out, and 
the yellow LED, D3, lights. When the bat- 
tery voltage exceeds about 1.3 V,IC1A tog- 
gles, so that only the green LED, D2, lights 
to indicate that the battery is full. 

The above comparator switching thre- 
sholds apply to the three types of 1.5-V 


COMPONENTS LIST 
content of kit supplied by ELV France 


Resistors: 
4Q5 R3:R9 

R2:Re 

RisR7 

Re;Ri4 

RS 

R12 
RibsR19;R20:R21 
Ri6 
R22;R24:R25 
Ai4 

Res 

Ri7Rie 

Ris 


SON eR 


2 10pF 26V radial Ci:G2 
Semiconductors: 
“LM358 C1 
1 2PD3V3 D4 
4 BC548 72 
 BCSS58 Ti 
| LED 3mm red D4. 
IL LED 3mm yellow D3 
LED 3mm green De 


_ Miscellaneous: 
- 4 PCB-mount push button 
_ 4-way 1-pole slide switch 
“test lead with crocodile clip 
ary clip 


BATTERY TESTER 


battery that can be tested. For 9-V PP3 
batteries, they lie at about 6.0 V and 7.8 V. 

Preset R13 is adjusted to give a refer- 
ence voltage of 0.65 V at pin 3 of IC1. This 
adjustment is made with a full battery 
connected to ST1-ST2, i.e., the input volt- 
age must be 1.4 V or greater. 


Construction 


The construction of this small circuit is 
relatively simple. Start by fitting the 
single wire link on the board, followed by 
the resistors and the zener diode, This part 
has a coloured ring to mark the cathode. 

Next, fit the three LEDs so that their 
tops are about 15 mm above the board 
surface. The cathode of a LED is usually 
marked by the flat side of the plastic body, 
When the device is held against the light, 
the cathode is identified as the larger met- 
al surface. The LEDs in this circuit are not 
normally damaged when fitted the wrong 
way around. 

The last components to be fitted on the 
board are the capacitors, the transistors, 
the integrated circuit, the slide switch and 
the TEST button. Finally, connect the red 
wire of the battery clip to PCB terminal 
ST3, and the black wire to PCB terminal 
ST4. 

Two flexible test leads with crocodile 
clips are supplied with the kit. The red 
lead (for the positive battery terminal) is 
connected to PCB terminal STI, and the 
black lead (for the negative battery termi- 
nal) to PCB terminal ST2. The test leads 
pass through 2-mm dia. holes drilled in 
the short side of the top half of the enclo- 
sure. Make a knot in each wire, at about 
20 mm from the free end, to provide some 
strain relief. 

Fit the completed printed-circuit board 
into the top half of the enclosure, aligning 
its central hole over the moulded boss and 
making sure that the LEDs go into the 
respective holes. Then connect the 9-V 
battery and fit the other half of the enclo- 
sure with the self-tapping screw supplied. 

a 


GLOW PLUG SWITCH FOR 
4-STROKE MODEL ENGINES 


A. Peperkamp 


A notorious problem with four-stroke model engines is their 
tendency to stutter or even stall at low speeds with all the obvious 
risks of carefully wrought model aeroplanes fluttering helplessly 
about before crashing to the ground. This circuit gives ease of mind 
to aeroplane modellers by automatically switching on the glow-plug 
when required at low engine speeds to keep the combustion going. 


Among the conditions for a reliably run- 
ning model engine are a correctly ad- 
justed carburettor, the use of the right 
fuel, and a suitably rated glow plug. The 
latter is fitted to ensure a sufficiently high 
temperature in the combustion chanber of 
the engine to enable this to be started. A 
glow plug is normally powered by a start- 
ing battery, which may be disconnected 
once the engine is running. 

Most engines in model aeroplanes are 
2-stroke types with glow ignition. Recent- 
ly, however, 4-stroke types have become 
available with two main advantages: first, 
they produce less noise, and, second, their 
sound is more like that of a real aeroplane. 
Unfortunately, 4-stroke engines also have 
disadvantages with respect to 2-stroke 
types: their fuel/performance ratio is 
worse, their construction is more com- 
plex, they weigh more, and, importantly, 
their combustion is optimum at relatively 
high speeds only. When a 4-stroke engine 
runs at low speed for some time, its oper- 
ating temperature drops to a level where 
combustion strokes fail, or the engine 
stalls altogether, Clearly, the additional 
heat of the glow-plug may help to prevent 
this happening. The present circuit con- 
nects the glow plug to a battery on board 
the plane. This connection is made auto- 
matically when the engine speed drops 
below a certain value. 


Not the mechanical way... 


A simple form of mechanical control is a 
lever switch coupled to the accelerator 
servo. In practical terms, this can take the 
form of a cam or notch in the servo disc 
operating a switch when a certain position 
(corresponding toa given engine speed) is 
reached. The switch, in turn, connects or 
breaks the supply voltage to the glow 
plug. The main problem of this approach 
is finding the right switching point by ex- 
perimenting with a running engine. Also, 
taking into account that space is always at 
a premium in a model, a mechanical con- 
struction with a lever and a switch, how- 
ever small, can become very complex 
indeed and take a lot of time to install and 
adjust, 


...but with electronics! 


The first ‘electronics’ idea that comes to 
mind is, of course, replacing the lever 
switch by a relay or a power transistor. 
The choice in favour of the latter will be 
obvious in view of reliability in a fairly 
hostile environment (vibration and shock 
caused by the model). The next step is to 
eliminate the mechanical coupling to the 
accelerator servo disc. Instead, the rele- 
vant pulses received from the remote con- 
trol transmitter are accepted and 


processed in parallel by a special circuit, 


IC1 = 4538 


Fig. 1. 


Circuit diagram of the glow plug control. 


i.e., the glow plug switch is controlled by 
the accelerator servo pulses supplied by 
the receiver on board the model. When the 
pulse-width of the accelerator control sig- 
nal reaches a certain (predefined) level 
corresponding to a relatively low engine 
speed, the glow-plug is automatically 
powered, and switched off when the en- 
gine is revved up again. 


Powering the glow plug 


Glow plugs fitted in model engines gener- 
ally operate froma 1.5-V supply. Depend- 
ing on the type, the current consumption 
is usually between 2 A and 4 A. Provided 
the switch is virtually loss-free, a NiCd 
(nickel-cadmium) battery with a capacity 
of 1.2 Ah or 1.8 Ah may be used as a 
power source. Since the glow plug is 
switched on at low engine speeds only 
(e.g., while the model idles on the ground, 
or while descending or landing), this sort 
of battery capacity is sufficient for a num- 
ber of flights. 

The author has fitted one of his models 
with a 9-way sub-D plug for outboard 
current supply and charging of the re- 
ceiver battery as well as the glow plug 
battery. A switch is added to enable the 
glow plug to be powered by an external 
(outboard) battery or power supply dur- 
ing starting on the ground. At the same 
time, this external power source charges 
the on-board battery. When the switch is 
set to the ‘fly’ position, the glow-plug bat- 
tery is connected to the control board. 


Circuit description 


The circuit diagram of the glow plug 
switch is given in Fig. 1. The power FET, 
Ta, used to switch the current to the plug, 
has a typical on-resistance of 0.04 Q. This 
extremely low value is only achieved, 
however, at a sufficiently high gate volt- 
age. Since the battery voltage is usually 
4.8 V in models, voltage doubling is used 
to ensure that T4 can be driven into satu- 
ration. 

The voltage doubler consists of T2, D1, 
D2, Ca and R4. The circuit supplies an out- 


ELEKTOR ELECTRONICS JULY/AUGUST 1990 


Fig. 2. Printed-circuit board for the glow 
plug switch. 


COMPONENTS LIST 


Resistors: 
4 10k 
; 68k 
3300 
8200 
100k 
~ 50k preset H 


Ri 
RR 
Rg 
Ra 
R5:Re 
Pt 


Capacitors: 

1 1OnF 25V 

4 47nF 

{22 25V radial 
2. 47pF 25V radial 


CH 
G2 
C3 
CaCs 


Semiconductors: 
IN4148 
LED 
SOV. 0.4W zener diode 
BS170 
BUZ1I 
4538 


Di;D2 
D3 

D4 
TAsTe3T3 
T4. 

1G1 


put voltage of about 9 V across Cs. This 
capacitor is discharged by Rs after the re- 
ceiver is switched off to ensure that T4 is 
off no longer than 3 seconds afterwards. 
The value of Rs is a compromise between 
rapid turning off of T4 after the receiver is 
switched off, and a small load for the volt- 
age doubler. The PWM (pulse-width 
modulated) signal taken from the acceler- 
ator servo terminals provides the clock for 
the voltage doubler, obviating a separate 
oscillator. 

The drive signal for the power FET is 
generated by two monostable multivibra- 
tors, IC1A and [Ci8. The former supplies 
an output pulse at the leading edge of the 
PWM input signal. The pulse width of this 
output signal (available at pin 6) may be 
set to a value between 0.5 ms and 3.0 ms 
by adjusting preset P1. 

Monostable ICtg is wired to trigger at 
the trailing edge of the pulse supplied by 
IC1A, ie., when the receiver output signal 
is at ‘0’, The control] signal for T4 is taken 
from the Q output of ICib and applied to 
the gate via a small-signal FET, T3. 
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GLOW PLUG SWITCH FOR 4-STROKE MODEL ENGINES 
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Fig. 3. 


LED D3 forms the glow plug on/off 
indicator. Where appropriate, it may be 
replaced by an actuator such as a low- 
power piezo buzzer. The engine speed at 
which the glow plug is switched on may 
be adjusted with Pt. 


Construction and wiring 


The printed-circuit board for this circuitis 
small (Fig. 2) in view of the restricted 
space in the model. Jumpers A and B allow 
the control to be geared to the polarity of 
the servo control signal supplied by the 


Interconnections in a model aeroplane. 


remote-control receiver. 

The wiring between the control circuit, 
the two batteries, the glow plug, the 
‘charge/fly’ switch and the 9-way sub-D 
connector is connected as shown in Fig, 3. 
Be sure to use heavy-duty wire for the 
connections that carry the glow plug cur- 
rent. 

The current consumption of the circuit 
is negligible relative to that of the glow 
plug. In the off state, about 1 mA is drawn, 
in the on state, about 12 mA, mainly on 
account of the LED. a a 


100 MHz TTL-COMPATIBLE 
CRYSTAL OSCILLATOR 


The use these days of clock frequencies of 
up to 100 MHz is not uncommon in digital 
signal processing (DSP) equipment, RF 
synthesizers, video storage circuits and 
logic analysers. The circuit described here 
is based on a quartz crystal, and supplies 
an output signal of 100 MHz with suffi- 
cient drive capacity for TTL circuits. 

The circuit consists of three sections: a 
quartz-crystal — controlled oscillator 
around X1 and Ti; an impedance conver- 
ter, T2, and an output buffer, IC1, 

Tuned circuit Li-C2 is designed to 
make the quartz crystal, X1, operate at its 
fifth overtone (i.e., its fundamental, paral- 
lel-resonant, frequency is 20 MHz). Posi- 
tive feedback in the oscillator is provided 
by C5 between the emitter and the base of 
TI. 

Since the oscillator must be loaded as 
lightly as possible to prevent starting 
problems and instability, the output sig- 
nal is applied direct to a dual-gate MOS- 
FET, T2, of which gate 1 forms a very high 
impedance. The high transconductance of 
the MOSFET enables the oscillator signal 
to be taken from the drain at a relatively 
low impedance. Network R3-D1 raises the 
top level of the 100-MHz to above the TTL 
threshold for a logic 1 (approx. +2.42 V). 

Four parallel-connected NAND gates 
in a 74F00 or 74AS00 package are used to 
digitize and boost the oscillator signal. 
The 5-Vpp logic swing of the output signal 
enables it to be applied direct to TTL-com- 
patible clock inputs. 


Construction 

The oscillator is best constructed on the 
small, double-sided printed-circuit board 
shown here. The component side of this 


N1...N4 = 


J. Bareford 


1C1=74F00  g90178-11 


board has a ground plane of unetched 
copper to assist in decoupling the high- 
frequency signal. 

Start the construction with winding 
the two inductors, L1 consists of 10 turns 
of 0.5 mm diameter enamelled copper 
wire (e.c.w.), and has an internal diameter 
of 3 mm. L.2 consists of 25 turns of 0.3 mm 
e.c.w., and also has an internal diameter 
of 3 mm. Use the shaft of a 3-mm drill as 
a former to make these inductors, which 
are fitted just (<0.5 mm) above the board 
surface. Note that there is no ground hole 


COMPONENTS LIST 


Resistors: 
4 22k 

1 2202 

1 470Q 


Capacitors: 
390pF 
22pF 
inF ceramic 
33pF 
15pF 


Semiconductors: 

7 1N4148 

1 74F00 of 74AS00 
1 BF495D or BF495C 

1 BFo82 


Miscellaneous: 

1 100 MHz quartz crystal x4 
(Sth overtone, parallel- 

= Fesonance) 

enamelled copper wire 0.3 mm diameter. 

enamelled copper wire 0.5 mm diameter. 


for Li; after winding the inductor, bend 
the ground terminal at right angles and | 
solder it straight to the ground plane. 


All parts must be fitted with the shor- } 
test possible lead length. This means that | 
the ceramic capacitors must be pushed as |, 
far as possible into the respective holes, \ 
Grounded component terminals are pre- | 
tinned before they are soldered at the | 
component side as well as at the track side ' 
of the board. On the component overlay, | 
these terminals are indicated by the ab- | 


sence of a circle (look, for instance, at Ca). 


The integrated circuit, [C1, must be fitted f 


without a socket. 
Finally, a note about the quartz crystal: 


this must be a fifth-overtone, parallel-res- | 
onance type with a fundamental fre- } 
quency of 20 MHz. The loss resistance | 
must be smaller than or equal to 20 9. The | 
supply voltage range of the circuit is | 
4.75 V to 5.25 V. Current consumption at 7 
5.0 V is smaller than 10 mA, a) 
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* 
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COMPACT 10-A POWER SUPPLY 


G. Boddington 


It has been some time since we published a 200+ Watt power 
supply like the one described here. Capable of supplying up to 10 A 
(and more if so configured) at an output voltage range of 4 to 20 V, 

this ultra-reliable PSU uses a minimum of components and is 
simple to build. 


If there ts one instrument in the electronics 
workshop or laboratory you must be able 
to rely on at all times, it is the power 
supply. These days, a d.c. power supply 
with excellent regulation, low noise out- 
put and high output current can be built 
with relatively few components. The pres- 
ent design is based on the well-known 
Type LM317 integrated regulator. Since 
the LM317 is capable of supplying an out- 
put current of ‘only’ 1.5 A, a number of 
these devices is connected in parallel, 
under the control of a single voltage set- 
ting circuit. The result is a surprisingly 
simple PSU, which, in its basic version, is 
capable of providing an output current of 
up to lO A, 

The present PSU is ideal for charging 
batteries, for experiments with a wide 
range of electronic circuits, and for use 
with high-power transistorized RF ampli- 
fiers. 


Design background 


Before discussing the circuit in detail, it is 
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worth while looking at the basic operation 
of the LM317. 

The LM317 is a three-pin integrated 
high-power voltage regulator which may 
be used in a ‘floating’ circuit. As shown in 
Fig. 1, a voltage of 1.25 V exists between 
the output and the Ab|UST input. Provided 
the output current is 5 mA or greater, and 
there exists a sufficiently high voltage dif- 
ference between the input and the output, 
the internal control circuit will maintain 
the 1.25 V voltage difference between the 
output and the adjust input. Evidently, 
this voltage disappears when the chip 
switches off owing to a thermal overload 
condition. 

Since the regulator may be used in a 
‘floating’ circuit, it is possible to set the 
output voltage by raising the potential at 
the ADJUST input with the aid of a voltage 
divider between the output and ground as 
shown in Fig. 1. The constant voltage of 
1.25 V across Ri causes a constant current 
through Ri and R2 (disregarding, for the 
moment, the small current supplied by the 
ADJUST terminal). In this configuration, 


MAIN SPECIFICATIONS 


4-20 V 


10-4 
(basic version) 


internal 
internal 


Output voltage: 
Output current: 


Current limiting: 

Thermal protection: 
Ripple rejection: >80 dB 
Operating temperature: 0-50°C 


Simple to extend for higher output 
currents 


Separate voltage and current indica- 
tors 


the output voltage, U,, is determined by 
the ratio of Ri and R2. The output voltage 
rises when R2 is increased. When R2 is 
made 0 Q, the output voltage equals the 
reference voltage of 1.25 V. In the form of 
an equation: 


1.25 = U,(R1i/(R1 + R2)) 
or 

U,, = 1.25 (Ri + R2)/R1) 
It will be clear that when a number of 
regulators are connected in parallel, the 
output current must be distributed 


equally. This may be achieved as shown 
in Fig. 2 by fitting a small resistance, Rs, 


900045 - 12 


Fig. 1. LM317 in basic regulator circuit 
with adjustable output voltage. 


20 


GENERAL INTEREST 


900045 «13 


Fig. 2. 


of parallel-connected 
LM317s with series output resistors to en- 
sure equal current distribution. 


Principle 


in series with each regulator output, As- 
suming that Rs<<R1, the operation of the 
top voltage regulator in Fig. 2 is expressed 
by: 


1.25 = UU, (R1/CR1+R2)) + Ip Ry 
and that of the one below by 
1.25 = Uy (RI/(Rt+R2)) + 1) Ry 


Since the equations are identical with the 
exception of the terms Jy and /), these cur- 
rents must be equal. The equations also 
suggest the use of more than two regula- 
tors in parallel, since the output current 
distribution is, in principle, determined 
by two tolerance factors only: first, the 
reference voltage of the LM317s used, and 
second, the values of resistors R,. 
Unfortunately, connecting LM317s in 
parallel is not so simple in practice, 
mainly for two reasons. First, the voltage 
drop across resistors R. is dependent on 
the output current, so that the regulators 
can not keep the output voltage constant. 
This is so because they will attempt to 
keep the voltage across the series combi- 
nation of Ri and RK, at a constant level of 
1.25 V. The upshot is that the voltage at 
the supply output (i.e., behind resistors 
R.) will drop when the output current 


constant 
voltage 


goons - 14 


Fig. 3. LM317-based series regulator with 
active, external, voltage setting. 


rises, since this means that the drop across 
resistors R, rises. Second, small differen- 
ces between the reference voltages of the 
regulators will result in unequal current 
distribution. 


External voltage regulation 


Figure 3 shows the basic circuit of an ex- 
tended voltage control circuit connected 
to the LM317. For simplicity’s sake, it is 
assumed that the power supply contains 
only one LM317. 

The —input of the opamp (a Type 741) 
is held at half the supply output voltage, 
U,, with the aid of Ra-Rs, while the +input 
is held at a reference potential. This refer- 
ence is obtained from a constant current 
through resistor R3 and preset P1, This 
constant current is obtained from a resis- 
tor connected between the output and the 
ADJUST input of the regulator. Since the 


Fig. 4. 


regulator maintains a constant voltage 
(1.25 V) between these terminals, K3 and 
Pi draw aconstant current via a transistor, 
TI. 

Because the opamp is a difference am- 
plifier, it will attempt to regulate its out- 
put voltage until its inputs are at equal 
levels. Transistor Ti is, therefore, driven 
such that the voltage across R3 and P1 
equals half the supply output voltage. 
This means that the changing resistance 
formed by the transistor causes the volt- 
age at the ADJUST input to rise, and with it 
the output voltage of the supply. This 
closes the control loop. In the circuit 
shown in Fig. 3, preset P1 forms the out- 
put voltage control because it determies 
the voltage at the +input of the opamp. 


From theory to practice 


After the above description of the basic 
operation of the power supply, little re- 
mains to be said about the circuit diagram 
in Fig. 5. 

The mains transformer, Tr1, is a toroid 
type with two secondary windings of 
15 V/7.5 Aeach, The current specification 
is not obligatory, however, and may be 
geared to the anticipated loads. In any 
case, the transformer output current must 
be greater than or equal to 1.4 times the 
maximum anticipated load current of the 
power supply. 

Although most high-power — toroid 
transformers have two secondary wind- 
ings which may be connected in parallel 
to boost the output current, it is better in 
practice to fit each secondary winding 
with its own bridge rectifier and associ- 
ated reservoir capacitor, 


Completed 10-A regulator board with heat-sink, and voltage control board. 


The high currents that may have to be 
supplied by the bridge rectifiers force the 
use of adequately sized heat-sinks for 
these devices. As a rule of thumb, the 
reservoir capacitors must be 10,000 UF 
each per 10 A of output current. When the 
size of your enclosure allows it, this is best 
increased to 20,000 uF per 10 A. 

Provided the reservoir capacitors are 
sufficiently large, a secondary voltage of 
15 VAC will provide an output voltage of 
up to 12 VDC. Similarly, a transformer 
voltage of 18 VAC allows the circuit to 
supply up to 15 VDC. A maximum output 
voltage slightly lower than 28 V may be 
obtained by using a transformer with two 
24-V secondary windings and reservoir 
capacitors rated at 63 V. Note that a 33-V 
transformer must not be used since it 
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Fig. 5. Circuit diagram of the power supply (basic version with one regulator board for an output current of 10 A). 


would cause the maximum input voltage 
of the circuit to be exceeded. 

Two moving-coil meters are included 
in the circuit, one for voltage measure- 
ment and one for current measurement. 
These meters may be replaced by digital 
(LCD) read-outs, which are available as 
ready-made modules. Two such modules 
are used in the prototype of the power 
supply. Their one disadvantage is that 
they require a floating power supply. The 
simplest way to avoid problems with this 
supply is to power the modules from two 
separate 9-V batteries. To save battery 
power, an optocoupler circuit may be 
used to enable the power supply to switch 
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the modules on and off. The basic circuit 
to realize this type of control is shown in 
Fig. 8. Alternatively, construct a small, 
separate, power supply for the LCD mo- 
dules. 

Most LCD modules are 200-mV volt- 
meters. Fortunately, they are easily con- 
verted into 100-1A ammeters as required 
here by shunting the input with a 1-kQ 
resistor. 


Construction 


Figure 6 shows the two printed-circuit 
boards you need to build the power sup- 
ply: one holds the seven regulators and 


their associated power resistors, the other, 
a much smaller type, the voltage control 
circuit. 

All components, with the exception of 
the mains transformer, the bridge recti- 
fiers and the reservoir capacitors, are ac- 
commodated on the two PCBs. The seven 
regulators are fitted on the heat-sink ina 
manner that allows them to be soldered 
direct to the printed-circuit board as 
shown in the photographs, Each regulator 
must be electrically insulated from the 
heat-sink. In the prototype, 1.5-mm thick 
ceramic insulators are used instead of the 
more common mica washers for reasons 
of safety and mechanical stability. 


GENERAL INTEREST 
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Fig. 6. Track layouts (mirror images) and component mounting plans of the two boards that go into the making of the 10-A power supply. 


COMPONENTS LIST 


Resistors: Semiconductors: 
T. 0Q22 IW RiRe-R13 1 1N4148 Dt 
P4000 Re 1. BC161 Ti 
Pot 6082 R3 Se PBA 1G1 
2. 4k? Ra:Rs 7 LM317 ($0-220 enclosure) 
40 9kS Ré 
qo B2k R7 Miscellaneous: 
2 4k0 preset H P1:P2 2 400nA f.s.d. moving-coil 
EP  ATK preset H P3 meter, or two 200-mV LCD 
voltmeter modules 
_ Capacitors: 2. BB0G10000 
2 40,000uF 25V 1:02 1. Mains appliance socket 
1 10uF 25V C3 with built-in switch and 
7: A7uF OEY C4 fuseholder 
cen + Fuse 3:15 A slow 


A 100n Cs 


1 toroid mains transformer Tr 
2xt6-V/7.5 A 6.9. ILP 
Type 63013.(240V mains) 
or 61013 (220V mains) 
iC2-IC8 7 Insulating washer tor LM317 
+) Heat-sink 1. K/W; 8-g., 
Fischer SK120SA100 
MicMe 4 printed-circuit board 900045-1 
: 1 printed-circuit board 900045-2 
1 enclosure e.g., Telet 
B1:B2 Type LG1050 
Ki 
FA 
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Fig. 7. Wiring diagram of the power supply. 


by the heavy lines. 


900045 - 15 


Fig. 8. Power supply and automatic on/off 
control for the LCD-based V/I read-outs. 


Use heavy-duty insulated wire as indicated 


The population of the two single-sided 
printed circuit boards is not expected to 
cause problems. Mount the power resis- 
tors on the regulator board at a height of 
about 3 mm above the PCB surface. 

The completed boards are fitted in a 
sturdy metal enclosure as shown in the 
photographs of the prototype. A clearance 
is cut in the rear panel to enable the heat- 
sink with the attached regulators to be 
fitted, 

The mains on/off switch is purposely 
not fitted on the front panel to avoid wires 
inside the enclosure that carry the mains 
voltage. Figure 9 illustrates the use of a 
mains socket with integral fuseholder and 
on/off switch fitted in the rear panel of the 
enclosure. The supply output terminals 
on the front panel are heavy-duty wander 
sockets. 


Fig. 9. Close-up of the rear panel assembly. Note the mains socket and the clearance cut 
for the heat-sink. 
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COMPACT 10-A POWER SUPPLY 23 


The thick lines in the wiring diagram 
in Fig. 7 show the connections that must 
be made in heavy-duty insulated wire. All 
other connections are made in medium- 
duty insulated wire. Do not forget to con- 


soe 


nect the output terminal to the ‘0’ 
terminals on the two boards. The heavy- 
duty wires are best connected to the PCBs 
via spade terminals and mating sockets as 
used in cars. When this is done, the output 
voltage of the supply will remain constant 
even at heavy loads. Our prototype was 
tested in this respect and found to degrade 
by only 60 mV when the load was in- 
creased from 0 ta 10 A. 


Need more than 10 A? 


The power supply may, in principle, be 
extended with as many regulator boards 
Type 900045-1 as required for a particular 
maximum output current. Each addi- 
tional regulator board increases the cur- 
rent by 10 A. If that is too much, simply fit 
one regulator per 1.4 A of additional cur- 
rent. The construction of the additional 
regulator boards is identical to that of the 
basic version described above. They are 
simply connected in parallel by intercon- 
necting corresponding terminals, except 
terminal ‘B’, which is connected from one 
board 900045-1 only to the corresponding 
terminal on board 900045-2, 


Adjustment 


Switch the supply and on adjust [1 until 
the output voltage is 10 V. Next, connect 
a load (e.g., a 12-V car lamp). Use a digital 
multimeter to calibrate the current meter 
by adjusting P2, and the voltage meter by 
adjusting P3. 

Note that when the supply is not 
loaded, the LM317 with the lowest refer- 
ence voltage will supply the output volt- 
age. In this condition, it may happen that 
current flows into the outputs of the other 
LM317s, causing the current meter to in- 
dicate a negative value. This is normal, 
however, and no cause for concern. a 


INMARSAT’S STANDARD-C 


B. Higgins 


International Maritime Satellite organisation (Inmarsat) are now 
marketing a package of satellite-based communications services to 
the business community generally. This article provides an 
introduction into the technical aspects of these services. 


Inmarsat uses geostationary satellites in 
the three geographical regions of the At- 
lantic (AOR), Pacific (POR) and Indian 
Ocean (LOR) regions. For each region a 
working pair (known as a dual) and one 
spare satellite are employed. An over- 
view of the currently used nine satellites 
is given in Table |. [t should be noted 
that Inmarsat plans to widen the Atlantic 
Ocean coverage towards the West, mov- 
ing the Marecs B2 satellite from 26° W 
to 55.5° W. 


What is Standard-C? 


Standard-C is a satellite-based data com- 


COAST EARTH STATION 
Store and Forward 
Message Switch 


TELECOMMUNICATIONS NETWORK 


Telex 
Voice Bond Data 
Leased Lines 
Teletex 

Electronic Mail 


Packet Switched 
Data Networks 


X.25 


PUBLIC NETWORK 


Fig. 1. 


Lettergram Service 


munications system that operates at a 
speed of 600 bit per second, Data, in the 
form of computer output, or the output 
of various telemetry systems on board 
craft and vehicles, can be sent to a base 
station from almost any location on 
earth. 

Standard-C is a message-based sys- 
tem, i.e., the sending equipment must 
‘pack’ its data for each individual trans- 
mission. Once formatted, the data pack- 
age (‘packet’) is stored in a message 
buffer until a suitable time slot is ob- 
tained on the satellite. The message buff- 
er has a_ single 
32 KBytes. 


CLOSED 
USER 
GROUPS 


packet -capacity of 


Standard-C systems on board craft 
and vehicles are made with connections 
via an RS-232 port to allow for casy 
interfacing with data equipment such as 
personal computers, terminals, data log- 
ging systems, etc. functioning as DCE 
(data circuit terminating equipment) 
and/or DTE (data terminal equipment). 

Two main categories of service are 
possible in the Standard-C system: 


* store-and-forward message transfer 
* end-to-end services 


Store-and-forward message transfer in- 
volves the formatting of complete mess- 


Coast earth station (CES) acts as a store-and-forward message switch on to the satellite link (illustration courtesy of Inmarsat). 
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ages at the coast earth station or the ship 
earth station before transmission over 
the satellite channel, The (telex) mess- 
ages are then transmitted to ship or to 
shore on a simplex basis when capacity 
is available. 

End-to-end services require a perma- 
nent or semi-permanent circuit to be es- 
tablished from the coast earth station to 
the appropriate terrestrial facilities for 
the duration of the (telex) connection. 

All other services provided by Stand- 
ard-C are optional. These services in- 
clude ship-to-shore half-duplex circuits, 
full-duplex circuits, polling, individ- 
ually-directed, group-directed and area- 
directed calls. and automatic data 
reporting. 

Standard-C uses radio frequencies in 
the L band and C band sections of the 
spectrum as shown in Table 2. Incre- 
ments of 5 kHz are used throughout the 
bands. 


Manufacturers 


Around the world, interest is being 
shown by manufacturers of electronic 
equipment to produce Standard-C com- 
patible communications sets for use at 
coast-earth stations and on board ships, 
vehicles and, recently, aircraft. 

STC International Marine based at 
Mitchem in the UK produce equipment 
called Mascot C that is designed for all 
sizes of shipping vessels. Denmark- 
based Thrane & Thrane make systems 
for use in and on land-mobile vehicles. 
Table 3 shows the major equipment ma- 
kers and the names of their products. 


The SES: antennas and RF 
considerations 


All manufacturers of ship earth stations 
(SES) use omnidirectional antennas in 
their systems, as this eliminates the need 
for the user to re-adjust for every trans- 
mission or reception, 


Longitude 


26°W 


15°W 


63°E Intelsat-V (MCS) 
60°E Intelsat-V (MCS) 
72°E Marisat F2 


180°E Intelsat-V (MCS) 
Marecs A 


177.5°E 


Table 1. 
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Satellite 


Marecs B2 
18.5°W Intelsat-V (MCS) 
Marisat F1 


Fig. 2. 


Antennas used in the Standard-C sys- 
tem must be installed at least 5 m away 
from C-band radar cquipment. For X- 


Use 


operational 
dual 
spare 


operational 
dual 
spare 


operational 
dual 


Satellite positions and earth coverage. 
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Intelsat-V-F1 satellite undergoing tests in an anachoic chamber. 


band radar, the minimum distance is 
much smaller. 

Antenna designs vary from manutac- 
turer to manufacturer, Special designs 
have been adopted for use on different 
types. of sea vessel and on land based 
vehicles. One innovative design stili to 
be tested is a flat circular antenna that 
can withstand an automatic car wash, 

Power levels in the standard-C sys- 
tem are low compared to, say, satellite- 
TV. This is mainly because of the much 
smaller bandwidth requirement (typi- 
cally, about | MHz instead of 27 MHz 
on a satellite-TV transponder). Circular 
polarisation is used to reduce the effects 
of Faraday rotation in the uplink and 
downlink paths to and from the satellite, 
Although the antenna gain pattern Is not 
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Country Manufacturer Equipment 
name 


Denmark Thrane & Thrane TT-3020A 


France SNEC STC 01 
Japan Japan Radio Co. JUE65A 
UK STC International Mascot C 


Marine 


Table 3. Standard-C equipment manufac- | 
turers. 


- directly specified, provision must. be 
a made, e.g. with a gyroscope, to ensure j 
TEMPERATURE that the minimum EIRP and G/T figures | 
INTERFACE GASES are met down to —15° to cope with ship | 
AND CONTROL CONDUCTIVITY motion. Table 4 shows some typical RF 
UNT PRESSURE equipment parameters. 


ACTUATOR 


Out at sea... 


As Inmarsat is mainly concerned with 
Fig. 3. Schematic diagram of Standard-C interfaces for remote data collection and control. maritime aspects of communication, 
equipment designed for the system has 
to conform to the rigours of operating at 


Use Up/Down link Frequency Radio band sea. Therefore, specifications always 
have a strong leaning to environmental 
Coast earth station up 6 GHz conditions such as temperature, hu- 
Coast earth station 4 GHz midity and vibration—see Table 5. 
Ship earth station up 1.6 GHz 
| Ship earth station 1.5 GHz Coast earth station 


The link between the Inmarsat system 


Table 2. Band/frequency assignment for Inmarsat Standard-C communication links. and communications companies of vari- 
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Fig. 4. Overview of frequencies used for Standard-C communications between vessels, satellites and coast earth stations. 
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— 


| RX frequency band 1.530 — 1.545 GHz 1.530 — 1.545 GHz | 


Table 4. Some antenna unit specifications. 


ous countries is all-important for the im- 
plementation of the complete Standard- 
C system. 

Figure 3 illustrates how the coast 
earth station fits into the total system. It 


Parameter TT-3020A 

Antenna polarisation RHC 

EIRP (at 5° elevation) 12 dBW (min.) 

Figure of merit G/T ~23 dB/K 

(at 5° elevation) 

TX frequency band 1.6265 — 1.6465 GHz 


JUE65A 


RHC 
14 +2 dBW 
—23 dB/K 


1.6265 — 1.6465 GHz 


acts as a store-and-forward message 
switch to the satellite. Operating on C- 
band (i.e., 4/6 GHz), the link to the sat- 
ellite is less susceptible to atmospheric 
interference as a result of problematic 


INMARSAT’S STANDARD-C 


weather conditions. 

Developments are continuously tak- 
ing place in coast earth station technol- 
ogy. For example, Thrane and Thrane 
have recently been awarded contracts by 
Singapore Telecom and Telecom Den- 
mark for the supply of equipment for 
coast earth stations in the respective 
countries. al 


Further information on the Standard- 
C communications system may be ob- 
tained from 

International Maritime Satellite Or- 
ganisation (Inmarsat) - 40 Melton 
Street - Euston Square - LONDON 


NW1 2EQ. 


Parameter TT-3020A 


Temperature (electronics) 0°C to 45°C (operating) 
-20°C to 70°C (storage) 
—35° to 55°C (operating) 


-—40°C to 70°C (storage) 


Temperature (antenna unit) 


Humidity 95% non-condensing 
Ice up to 2.5 cm 
Precipitation up to 10 cm/hr 

Wind up to 100 knots 


Vibration (electronics unit) 2-15.8 Hz at 1 mm peak’ 
15.8-100 Hz at 1.0 g peak acceleration 
2-10 Hz at 2.54 mm peak 


10-100 Hz at 1.0 g peak acceleration 


Vibration (antenna unit) 


JUE-65A | 


0°C to 45°C 
-35°C to 55°C 


up to 95% at 40°C 


2 to 15.8 Hz at 2.54 mm peak 

15.8 to 100 Hz at 1.0 g peak acceleration 
2-10 Hz at 2.54 mm peak 

10-100 Hz at 1.0 g peak acceleration 


= 


Table 5. Environmental specifications of two types of Inmarsat Standard-C SES (ship earth) stations. 


L 


Date: Low, 
dediurm & High] 


Fig. 5. Inmarsat satellite coverage at 0 and 5 degrees elevation above the horizon. The illustration shows the three ocean regions, AOR, 
POR and IOR, ocean codes and locations of coast earth stations (illustration courtesy of Inmarsat). 
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HAND-HELD 8-CHANNEL LOGIC 
ANALYSER 
The new TA-100 from Thurlby-Thandar is a 


low-cost logic that replaces 
multiple logic probes or logic checkers, and 
can be substituted for more complex logic 
analysers in many applications. 

The TA-100 has eight data inputs, an exter- 
nal clock input, a trigger input and a trigger 
chaining capability. Maximum clock fre- 
quency is 25 MHz, and data pulses less than 
10 ns wide can be captured and displayed. 

The trigger circuits of up to four pods can 
be linked together to expand the trigger rec- 
ognition to up to 32 channels. Each channel 
of the trigger word can be set to 0, | or X 
{don'tcare), The logic status of each channel 
is continuously shown ona LED display, and 
pulse-stretching enables short pulses and 
high frequencies to be clearly displayed. 

The TA-100 is priced at £89 (plus VAT). 


analyser 


Thurlby-Thandar Ltd. * Glebe Road + 
HUNTINGDON PEI8 7DX. Telephone: 
(0480) 412451. Fax: (0480) 450409. 


NEW PHOTODETECTOR RANGE 
FROM CENTRONIC 

Centronic have launched a new range of 
photodetectors, the OSI35 series. The new 
range of devices has a photodiode mounted 
together with an amplifier in a hermetically 
sealed TO& package, and incorporates a low- 
profile cap. 

The new photodetectors are claimed to sim- 


7 
| 


_ NEW PRODUCTS 


plify system design by eliminating the need 
for a head amplifier. Applications include 
optical instrumentation, colour coding, am- 
bient brightness control, alarm systems and 
flow meters. 

The detectors are available in four ver- 
sions, tailored to operate within the follow- 
ing wavelength bands: ultra-violet 
(250-400 nm), visible (400-900 nm), infra- 
red (600-1100 nm) and for eye-response de- 
tection. 


Centronic Ltd. +» Centronic House « King 
Henry’s Drive * New Addington + CROY- 
DON CR9 OBG. Telephone: (0689) 47021. 
Fax: (0689) 45117, 


LOW-COST 3!4-DIGIT LED PANEL 
METER 


Autona’s low-cost DVM module has an 
overall depth of only 11 mm, which allows 
it to be built into the most compact of equip- 
ments, 


Introduced as the DVM 456, the unit fea- 


tures 0.56-inch high-efficiency displays 
which, together with the red filter in the 


moulded bezel (supplied with the unit), pro- 
vides a display which is readable under high 
ambient light conditions. 

An on-board supply stabiliser simplifies 
installation into a wide range of equipment, 
since the module operates from an unregu- 
lated supply of 7-12 V, whilst protection 
against input overload and reverse polarity 
supplics ensure safe operation in hostile en- 
vironments. 

Available in a standard form with a basic 
sensitivity of £1.999 ¥. the unit may be sup- 
plied with alternative fis.d. specifications 
where quantily requirements exist. 

Supplied with a comprehensive data sheet, 
the unit is priced at £19.95 (plus VAT) for 
single quantities. 


Autona Ltd « 51 Poppy Road +» PRINCES 
RISBOROUGH HPI7 9DB. Telephone: 
(084 44) 5740. Fax: (084 44) 7102. 


TRANSPARENT SATELLITE DISH 
GETS GREEN VOTE 
Zela Services have recently introduced a 
transparent glass satellite dish designed to 
overcome environmental objections to un- 
sightly metal and fibreglass alternatives. 

The patented 60-cm see-through dish, 
CrystalVision, is made from Armourplate 
metal-impregnated glass that has the same 
reflective qualities to microwaves as stand- 
ard metal dishes. 

The electronics for the Crystal Vision dish 
are supplied by Marconi, and the whole unit, 
which is the same size as the smallest Astra 
dish, is mounted on a clear polycarbonate 
base plate for unobtrusive installation. Pro- 
duction of the glass dish is expected to start 
late summer for autumn delivery at a price 
claimed as slightly higher than opaque metal 
or fibreglass options. 


Zeta Services Ltd. « Harden Park + Alder- 
ley Edge +» CHESHIRE SK9 7QN. Tele- 
phone: (0625) 583850. Fax: (0625) 585282. 


NEW SERIES COMPACT 15-75W DC. 
DC CONVERTERS 

A new series of DC-DC converters, desig- 

nated 700 Series, has been introduced by 

Intronics Inc.. U.S.A. 

There are six models in the range offering 
5 V,12 Vand 15 VDC single outputs at 3A 
to 5 A (remote sense and remote control are 
standard on the 5-A models), The voltage 
input range varies from 8-40 VDC to I8- 
40 VDC depending on the specified outputs. 
All models operate at 40 kHz (typ.) and from 
—25°C to 70°C with derating. The storage 
temperature is specified at —40°C to 1LOS°C, 

Important features of the new supplies in- 
clude ultra-wide input voltage range, effi- 
ciency of up to 90%, thermal overload 
protection, low thermal gradient and reverse 
polarity protection. 

Measuring just 3x2.5x0.81 inch, the 
DC700 series are all copper encased for six- 
sided shielding and are pin-compatible for 
PC board mounting. They are suitable for 
applications in telecommunications, process 
control systems and battery-operated sys- 


tems. 


Pascall Electronics Ltd. + Saxon House «+ 
Downside + SUNBURY-ON-THAMES 
TWI16 6RY. Telephone: (O01 979) 0123. 
Fax: (0932) 782402. 
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MIDI MASTER KEYBOARD 


PART 2: TESTING AND PROGRAMMING 


D. Doepfer 


In this second and last instalment we check the operation of the two 
printed-circuit boards, help you on your way in faultfinding (if 
necessary) and last but not least discuss the various programming 
and menu options offered by the microprocessor-controlled 
operating system running on the keyboard. 


Even experienced electronics constructors 
should not fit the completed printed-cir- 
cuit boards in the keyboard enclosure 
without a thorough functional check. 
First, inspect the boards visually, looking 
for short-circuits and bad solder joints. 
Once again refer to the component over- 
lay and the parts list to make sure that all 
components have the right value and 
orientation. Test all flateables by checking 
the continuity of every individual wire. 

Connect the two boards via the 16-way 
flatcable, observing the polarity of the 
IDC sockets. If applicable, remove all in- 
tegrated circuits from the boards. Apply 
Ssh and check the presence of +5 V at 
all relevant points (consult the circuit di- 
agram). Possible sources of failure at this 
stage are the mains adapter, the 7805 or its 
associated smoothing capacitors, a defec- 
tive tantalum decoupling capacitor, or a 
short-circuit between PCB tracks. 

Switch off the power, and insert 1C1, 
[C2 and IC3 into their sockets, followed by 


MIDI-MASTERKE YBOARD 


LMK1V2 
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all ICs on the controls board. Switch on 
and check that the LEDs light in a certain 
pattern (depending on the software ver- 
sion). When the processor works, the LED 
displays indicate a start-up code. Possible 
sources of failure: incorrect connection be- 
tween main board and controls board; 
empty EPROM; LEDs fitted the wrong 
way around, short-circuited PCB tracks; 
bad IC socket(s); faulty component. 

Switch off. Insert the remaining ICs in 
their sockets, then connect the keyboard 
via the 40-way cable. Switch on. The start- 
up code (software version number) 
should appear on the display. Connect a 
MIDI expander (set to OMNI mode} to the 
MIDI output. If everything is all right so 
far, it should produce notes when you 
play on the MIDI keyboard. If not, reverse 
the 40-way key board connector. Possible 
sources of failure: incorrect kevboard con- 
nection; short-circuited PCB tracks; faulty 
MIDI cable; wrong MIDI channel on ex- 
pander; faulty component. 


When the previous tests check out, the 
hardware is likely to function correctly. 
Note, however, that errors like a stuck key 
may not come to light until later, 


Testing the modulation 
wheel 


As already noted in the description of the 
modulation wheel function, the mechan- 
ical end stops of the potentiometer do not 
allow this to cover the full turning range 
of 270°. Although this is taken into ac- 
count by the control software, the period 
of the VCO signal (IC4) should be made to 
lie in the range between 4.2 ms and 8 ms. 
The actual limits are 4096 us and 8192 us. 
Values outside this range produce erro- 
neous control values. 

The range limits are simple to adjust 
with the aid of a period meter or a fre- 
quency meter: alternately adjust P1 (span) 
and operate the modulation wheel (peri- 
od) until the above range is achieved. 

In case such test equipment is not 
available, the modulation wheel may also 
be adjusted with the aid of routine 1 or 
routine 2 provided by the keyboard con- 
trol software. These routines enable the 
microprocessor to send the MIDI control 
data obtained from the modulation wheel 
to the LED displays in two different ways. 


Routine 2 is invoked by keeping the sec- 
ond key to the left in the upper row 
pressed while the keyboard is switched 
on. The displays indicate the measured 
control data in hexadecimal (O0-FF). The 
correct range is achieved by alternately 
adjusting P! (parameter span) and opera- 
ting the modulation wheel (actual par- 
ameter value). Set a sufficiently large 
range to allow for wear and tear, compo- 
nent tolerance, and drift owing to mech- 
anical strain. Remember that the software 
caters for the reduction of the full range 
(O0-FF) to OF-FO to cover the required 
MIDI range of 00-7F. This means that 
MIDI parameter value OU is sent when the 
modulation wheel supplies a value smal- 
ler than OF. Similarly, 7F is sent when the 
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Fig. 7. A number of keys on the musical keyboard are used in conjunction with the control software to enter menu options and settings, i 
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value exceeds FO. Hence, a range setting 
of, say, OA-F2 is perfectly adequate. 


Routine 1 is invoked by keeping the ex- 
treme leftmost key in the upper row 
pressed while the key board is switched 
on. It enables the processor to indicate the 
transmitted MIDI parameter value, i.e., 
the control data sent to the MIDI instru- 
ment after averaging and proportioning 
via a look-up table in the control program. 
Obviously, the range of this indication is 
00-7F, corresponding to the permissible 
range of MIDI parameter values. When a 
self-adjusting modulation wheel is used, 
its rest position should produce a display 
reading of 40 (64 decimal), irrespective of 
the side from which it arrives at the rest 
position. If necessary ensure this centre 
value by carefully re-adjusting P1 and 
checking the range limits with the aid of 
routine 2 

In the pitch-bend mode, the software 
provides an automatic correction function 
that subtracts or adds a certain value to 
give a range where only 40 is produced at 
the centre position of the modulation 
wheel. In case a steady value can not be 
achieved, fit a 2.2 uF tantalum capacitor 
(Cio) between the control voltage sup- 
plied by the potentiometer and ground. 
An instability of +1 digit is allowed be- 
cause it is compensated by averaging and 
threshold detection routines in the control 
program. 

After the above adjustment, carefully 
tighten the nut on the modulation poten- 
tiometer, making sure its setting is not 
changed. Switch on the keyboard (with- 
out invoking cither of the test routines} 
and check the correct range and function 
of the MIDI control parameters. 


Programming functions 


Most of the functions provided by the 
MIDI master keyboard are selected with 
the aid of the programming keys on the 
front panel. These keys work in conjunc- 
tion with a menu, the control of which 
rests with the microprocessor and the soft- 
ware. 


Connect either one of the MIDI outputs 
of the keyboard to the MIDI input of an 
expander, synthesizer, sequencer or sam- 
pler. Connect the foot switch to the key- 
board via the jack socket. When so 
programmed and actuated in a particular 
keyboard zone, this foot switch forms a 
SUSTAIN pedal. Do not connect or dis- 
connect the foot switch with the keyboard 
switched on. 

Apply power. The LED displays indi- 
cate the software version number (e.g., 
100), and the LEDs should light up briefly. 
Next, the display indicates ‘PLA’ for PLAY 
mode. At this stage, PRESET 1 is used. 


The menu has the following eight options: 
* preset 
* program change/real time 
* split 
* channel 
* transpose 
* dynamic 
¢ controllers 
* panic 


which are selected by the cight associated 
keys. The current option is indicated by a 
LED. In the PLAY mode, no LED lights. In 
some menus, the keyboard keys are used 
in addition to the control keys to set cer- 
tain parameters. Also note that some 
menus return automatically to the PLAY 
mode after the parameter has been set. 
Most menus, however, can be left only by 
pressing another menu key. 

In all menus, except PRESET and PANIC, 
the next keyboard zone is selected by 
pressing the same menu key once more 
(note: the boundaries of a zone are marked 
by splits}. Therefore, press the menu key 
as many times as required to arrive at a 
certain zone. The selection is cyclic: i-e., 
zone I follows zone 4. 

With some functions, the displays 
briefly shows a letter- or number-se- 
quence before returning to ‘PLA’. During 
these sequences, however, the play mode 
is active. The indication period before the 
display switches to ‘PLA‘ allows set par- 
ameter values to be read off easily. 

Figure 6 shows which keyboard keys 
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are used in conjunction with the menu 
keys to set certain parameters. As shown 
in Fig. 7 the white keyboard keys in the 
lowest octav e are assigned the following 
functions: 

* Bank 1-4 (C; D; E; F) 

* Start (G) 

* Stop (A) 

* Continue (B) 


The number keys start at the next higher 
octave, i.e,, C=1; C#=2, D=3, D#=4; ete. for 
all number entries required (program 
number, channel, dynamic response table, 
control code, etc.) 


PRESET 

The EPROM contains 16 presets, any one 
of which may be selected by the user as the 
basic keyboard setting, Each preset con- 
tains data on each of the four zones, the 
MIDI chanhel, transposition, assignment 
and actuation of control data, and the vel- 
ocity table. The currently selected preset 
is indicated on the LED displays for a 
couple of seconds before the keyboard 
goes to PLAY mode as indicated by the 
letters ‘PLA’. 


PROGRAM CHANGE/REAL TIME 
This menu allows the programs running 
on the connected MIDI equipment to be 
changed. [t is used together with key- 
board keys to send PROGRAM CHANGE com- 
mands and, with certain keys only, 
real-time MIDI commands START, STOP 
and CONTINUE. 

The selected zone is shown to the left 
on the read-out, while the current bank 
appears to the right. The zone indication 
is important for the MIDI channel on 
which the PROGRAM CHANGE command ts 
sent. 

The programs are organized in the 
form of 4 banks of 32 numbers each. 
Bank 1 contains program numbers 1-32, 
bank 2 program numbers 33-64, bank 3 
program numbers 65-96, and bank 4 pro- 
gram numbers 97-128. The banks are se- 
lected by the first four keys on the 
keyboard (see Fig. 7). When a bank num- 
ber is changed, the new number is shown 
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Software-selected dynamic response curves. A linear response (curve ‘a’) often 


gives the impression that the dynamic characteristic can not be set with sufficient accuracy 
in the low-volume ranges. This may be compensated in three steps by response charac- 
teristics ‘b’, ‘c’ and ‘d’. Curve ‘e’ provides the inverse effect, giving greater resolution in the 
high-volume ranges. Curve ‘f’ is exponential with a certain low-volume off-set. The inverse 
curve, ‘g’, gives a smaller dynamic range at greater key velocities. This response is 
particularly suited to velocity-controlled mixing effects: one zone is assigned a normal 
response (e.g., ‘c’), and another zone, of equal size, the inverse response. These two zones 
are used to control two MIDI channels simultaneously, e.g., on two expanders, or on one 
expander capable of generating two sounds on two different Channels. The key velocity then 
allows you to switch between these channels as you play. Curve ‘h’, finally, produces 
velocity parameter ‘64’ irrespective of the key strike force. This response is particularly 
suited to non-dynamic sounds, e.g., those produced by organs. 


on the displays. Note, however, that the 
PROGRAM CHANGE command is not sent 
until one of the number keys (1-32) is 
pressed on the keyboard. The transmitted 
program number appears briefly on the 
display before the keyboard returns to the 
PLAY mode. The program number is sent 
on the MIDI channel assigned to the cur- 
rently selected keyboard zone. 

On pressing one of the three white keys 
to the right of the bank selection keys (see 
Fig. 7), the associated real-time command 
START (G-key), stor (A-key) or CONTINUE 
(B-key} is sent. The display shows the rele- 
vant code abbreviation, StP, StA or CON, 
for a couple of seconds. 


SPLIT 

The MIDI master keyboard is capable of 
transmitting on four channels at the same 
time. Each channel is assigned a particular 
keyboard zone, which may overlap to 
some extent depending on the size of the 
keyboard. This menu allows up to four 
zones to be defined by accepting their 
boundaries in the form of splits. 

The current zone appears to the left on 
the LED read-out. The ‘LO’ indication to 
the right prompts the user to press the key 
that corresponds to the split at the LOw 
side of the zone. Next, the read-out 
changes to ‘HI’ for the HIgh split. After 
accepting the splits, the keyboard returns 
to PLAY mode. 


CHANNEL 
Use this menu to assign the MIDI channels 
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to the zones. The current zone number 
appears to the left of the displays, the 
associated MIDI channel number to the 
right. Select the MIDI channel number 
with the aid of the number keys (1-16; 
starting with the C in the second octave). 
After accepting the channel selection, the 
keyboard returns to PLAY mode, 


TRANSPOSE 
On selecting this menu option, the current 
zone number appears to the left on the 
read-out, and an indication ‘FI’ to the 
right. The ‘FI’ indication prompts you to 
press the First reference key for the trans- 
position, Next, the indication changes to 
‘SE’ for the SEcond reference key. To ob- 
tain, Say, a transposition by one octave, 
press any keyboard key (LO), followed by 
the same key (i.c., note) one octave higher 
(HI). Similarly, a ‘semi-tone down’ trans- 
position is set by pressing any key, fol- 
lowed by the next lower key. 

After accepting the transpose reference 
key selections, the keyboard returns to 
PLAY mode. 


DYNAMIC 

This menu option allows the dynamic re- 
sponse curve for each of the four zones to 
be selected. The current zone number ap- 
pears to the left of the read-out, and the 
associated dynamic response table (1-16) 
to the right. The basic response options 
are shown and explained in Fig. 8. They 
allow your personal keystroke to be 
geared to the (electronically determined) 
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dynamic response of instruments. 

Select the required dynamic response 
(Fig. 8) by pressing the relevant keyboard 
key (1-8; see Fig. 7). 

After accepting the dynamic response 
selection, the keyboard returns to PLAY 
mode. 


CONTROLLER 

This menu option determines the MIDI 
control function of the modulation wheel 
in each of the four zones. The available 
MIDI functions include PITCH BEND, MODU- 
LATION, AFTER TOUCH and VOLUME, In ad- 
dition, this menu determines whether or 
not the SUSTAIN pedal is actuated in a cer- 
tain zone. 

The current zone number appears to 
the left of the read-out, the CONTROLLER 
code to the right. Codes are selected by 
pressing the appropriate keyboard key 
(1-16). The codes belong with the follow- 
ing functions: 


Code 


Wheel function sustain off sustain on 


none 1 9 
pitch bend 2 10 
modulation 3 14 
breath control 4 12 
portamento 5 13 
aftertouch 6 14 
volume # 15 
pan 8 16 


An example: code number ‘1’ is selected 
when neither the modulation wheel nor 
the sustain pedal is required in a particu- 
lar zone. When, however, the modulation 
wheel is to function as a pitch bend con- 
trol, and the sustain pedal is to be used, 
code ‘10’ is required, Similarly, select code 
‘7’ to make the wheel function as a volume 
sine, while the sustain pedal is dis- 
abled. 

The use of a selfadjusting poten- 
tiometer (i.e., one with a spring that re- 
tracts the spindle automatically to the rest 
position) is only recommended when the 
modulation wheel serves mainly as a 
pitch-bend control. In all cases, a normal 
potentiometer should be preferred. 


PANIC 

This is not really a menu, only a key that 

can be actuated in all modes to transmit 

ALL NOTES OFF commands on all MIDI 

channels. This function is mainly used to 

end hanging notes on MIDI equipment. 
| 
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ELECTRONIC FILTER DESIGN 
HANDBOOK (Second Edition) 

(LC, Active, and Digital Filters) 

By Arthur B. Williams and 

Fred J. Taylor 

ISBN 0 07 070434 1 

672 pages — 185 illustrations 

Price £59.00 (hardcover) 

The second edition of the handbook on fil- 
ter design has not only been revised to in- 
clude new filter configurations and addi- 
tional tabulated material, but also been ex- 
panded to include several new chapters on 
digital filters. It now includes design tech- 
niques for LC, active and digital filters in 
one text. Some of these techniques will be 
hard, if not impossible, to find in other 
books. 

After an introduction to modern net- 
work theory and a discussion on the trade- 
offs between active and passive filter im- 
plementations, the mathematical proper- 
ties of standard filter response types are 
covered. These include Butterworth, 
Chebyshev, Bessel, linear phase with equi- 
ripple error, transitional, synchronously 
tuned, and constant delay with Chebyshev 
stop-band. 

The design of passive and active low- 
pass filters is discussed with the use of 
normalized tables. Design techniques of 
specialized passive low-pass filters are il- 
lustrated; these include designing for in- 
equal terminations and compensating for 
the effects of component dissipation. 

A separate chapter covers the design of 
networks whose properties are best des- 
cribed in the time domain. All-pass delay 
and amplitude equalizers are discussed in 
detail. 

Since the successful design of filters is 
dependent on the proper selection and 
manufacture of inductors, the design of 
magnetic components, the selection of 
these and coil winding techniques for opti- 
mum characteristics over the operating 
frequency range are discussed in depth. 

Although the design of digital filters is 
introduced, this topic is not treated in the 
detail this reviewer would have liked. For- 
tunately, a 37-page appendix adds much 
design information that is missing from 
the relevant chapter, while a second ap- 
pendix discusses digital filter design using 
the TMS320 family of digital signal pro- 
cessing products, 

As before, the book is well indexed and 
should remain the reference handbook for 
filter design specialists. At the same time, 
it should continue to serve as a self-study 
handbook for engineers and technicians 
and as a supplementary textbook for tech- 
nical college and university students in 
electrical/electronic engineering and com- 


NEW BOOKS 


munications. 

McGraw-Hill Publishing Company 
Shoppenhangers Road 
MAIDENHEAD SL6 2QL. 


How to Expand, Modernize and Repair 
PCs and Compatibles 

by R.A. Penfold 

ISBN 0 85934 216 6 

162 pages 

Price £4.95 

Not only are PC and compatible comput- 
ers very expandable, but before long most 
users actually wish to take advantage of 
that expandability and start upgrading 
their PC systems. Some aspects of PC up- 
grading can be a bit confusing, but this 
book provides advice and guidance on the 
popular forms of internal PC expansion, 
and should help to make things reasonably 
straightforward and painless. Little knowl- 
edge of computing is assumed: in fact, the 
only assumption is that you have, and can 
operate, a standard desktop PC of some 
kind. 

The book includes: PC overview; 
memory upgrades; adding a hard-disk 
drive; adding a floppy-disk drive; display 
adaptors and monitors; fitting a maths co- 
processor; keyboards; ports; mice and dig- 
itizers. 

Bernard Babani (publishing) Ltd 
The Grampians, Shepherds Bush Road 
LONDON W6 7NF. 


An Introduction to VHF/UHF for 
Radio Amateurs 
by LD. Poole 
ISBN 0 85934 226 3 
102 pages - illustrated 
Price £3.50 ; 
The increase in use of the VHF and UHF } 
portions of the frequency spectrum is one | 
of the largest growth areas within amateur | 
radio. In fact, most radio amateurs have | 
equipment for use on them, either for local | 
contacts or to exploit some of the many in- | 
teresting and challenging aspects of these | 
bands. ' 
This book covers the essentials re- | 
quired to gain the most from using the © 
VHF and UHF bands. As such, it will be | 
of use to both the newcomer and the more | 
experienced operator. i 
Topics included in the book cover | 
propagation, descriptions of the bands } 
with outlines of the bandplans and chan- } 
nels, aerials, receivers, transmitters, and a 
special chapter on scanners. In addition to | 
this, repeater and mobile operation are in- | 
cluded as well as DX-ing, data modes, and f 
a section on packet radio, 
Bernard Babani (publishing) Ltd 
The Grampians, Shepherds Bush Road 
LONDON W6 7NF. 


BRITISH STANDARDS 

British Standards may be bought from 

The Sales Department, BSI, Linford 
Wood, MILTON KEYNES MK14 6LE. 
Readers should note that each county in | 
the UK has at least one large Public Li- 
brary where complete sets of British Stan- | 
dards are held for general consultation. 


ELEKTOR ELECTRONICS JULY/AUGUST 1990 


33 


MINI FM TRANSMITTER 


J. Bareford 


This low-power transmitter for the VHF FM band may be used as a 
wireless babysitter or a short-range repeater by virtue of its voice 
operated switch (VOX) and easy connection to a SCART outlet. 


The block diagram in Fig. 1 shows that the 
microphone signal is amplified before it is 
applied to a VOX (voice-operated switch) 
circuit. The VOX consists of an amplifier, 
a rectifier, and a comparator with hys- 
teresis. Its function is to switch the trans- 
mitter on when a predefined AF signal 
level is exceeded, and switch it off after a 
certain period, the length of which is 
determined by an K-C network. 

The third block is a frequency-modu- 
lated (FM) oscillator operating at about 
105 MHz. 


Circuit description 


With reference to the circuit diagram in 
Fig. 2, the electret microphone, M1, re- 
ceives its bias voltage via resistor Ri, The 
microphone signal is raised in an ampli- 
fier based on p-n-p transistor T1. Choke L1 
prevents the microphone amplifier being 
blocked by the RF signal produced by the 
oscillator. The amplified microphone sig- 
nal may be taken from terminal ‘1’. When 
the transmitter is used for line signals, the 
microphone preamplifier is not used since 
these signals are applied to terminals ‘3’ 
(mono) or ‘4’ and ‘5’ (stereo). 


VOX 
The voice-operated switch receives the 


amplified microphone signal at its input, 
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determines the 


terminal ‘2’. Preset P| 
input level and thus the switch-on thre- 
shold of the VOX. The signal at the wiper 
of Pi is fed to CMOS inverter Ni, which 
functions as an amplifier. The next gate, 
N2, functions as a limiter. The signal rec- 
tifier shown in the block diagram consists 
of diodes D4-D5, resistor R7 and capacitor 
C4. The gates that follow the rectifier, N3, 
Na and Ns5, raise the rectified signal to a 


microphone 
preamplifier 


Fig. 1. 


level suitable for controlling switching 
transistor T2. The switch-on period of the 
VOX is determined mainly by the value of 
C4, 

Depending on the signal level that 
exists at the input of the VOX, transistor 
T2 is off or on. In that way, it controls the 
power supply to the RF oscillator, Ts. 
Choke L2 at the collector of Tz prevents the 
RF signal developed by the oscillator from 
being short-circuited by the power supply 
lines. 


FM oscillator 

LED D3 lights when the VOX powers the 
RF oscillator based on p-n-p transistor T3. 
The AF signal received at terminal ‘3’ or 
terminals ‘4 and ‘5’ is taken through a 
pre-emphasis network composed of C5- 
Co-R11 before it arrives on the modulation 
level control, preset P2, Frequency modu- 
lation of the oscillator is achieved by C7 
superimposing the modulation signal on 
the bias voltage of dual varicap D2, a Type 
BB204. Transistor T3 oscillates at a fre- 
quency determined by tuned circuit L3- 
Cii-D2, with Ci providing positive 
feedback between the collector and the 
emitter. 

The oscillator frequency can be set be- 
tween 88 MHz and about 108 MHz by ad- 
justing trimmer C10. Capacitors Cs and Co 
decouple the RF and the AF component 
respectively at the base of T3. The trans- 
mitter has no aerial or aerial connection: 
its RF signal is radiated by L3. 


L3 
105MHz 
oscillator 
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Block diagram of the FM transmitter. The numbered terminals are interconnected 
depending on the application of the unit. 


RADIO AND TELEVISION 


1 
VW =P 


1h“) 
BCS60C 

R2 

i ik: r 


3 
120n 47n 


i 


Fig. 2. 


Resistors Rie and R17 sum stereo sig- 
nals applied to terminals ‘4’ and ‘5’ to 
create a mono modulation signal. 


Power supply 

This is conventional, taking the form of a 
low-drop voltage regulator Type 78L08, 
1C2, with the usual decoupling capacitors, 
C14 and C13, at the input and output re- 
spectively. The input of the regulator is 
connected to a mains adapter with 12- 
15 VDC output. 


Construction 


The presence of an RF signal at about 
100 MHz governs the use of the double- 
sided printed-circuit board (PCB) shown 
in Fig. 4. This board has a large unetched 
surface at the component side to assist in 
the decoupling of the RF signal. It is not 
through-plated: all contacts between the 
component side and the track side are 
made by component terminals. 

The size of the circuit board allows it to 


Application 


Wire(s) AF signal to 
TV sound 3 

stereo sound 4 and 5 (stereo) 
babyphone use microphone 


doorbell use microphone 
extender 


Table 1. The function of the transmitter is 
determined by wire connections as listed 
here, 


a®) 
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Circuit diagram of the mini FM transmitter. 


be fitted into a compact ABS enclosure of 
about 8x5.5x3 cm. Start the construction 
by fitting the single wire link on the board. 
Next, mount the one IC socket and preset 
Pi. Note that one terminal of [1 is soldered 
at both sides of the PCB. This is indicated 
by the absence of a circle on the compo- 
nent overlay and the fact that the copper 
is not removed around the hole at the 
component side. Do not fit P2 as yet. 
Mount the remainder of the compo- 
nents. It will be noted that most of these 
are fitted vertically. Keep all component 


mini FM 
transmitter 


Fig. 3. 


el Sle a ct ai ae ANS: 


COMPONENTS LIST 


8 


RiRi6:R17 


AK? 
1MO Re 

10k Ra;A6;Ri0 

10M - Ra? 
100k RERUNS 
1k5 Re 
2k2 Rg 

22k Rig: Ri4:Ris 
2702 R18 

100k preset H Paces 

5k preset H — PB Oe 


4u7 16V radial 
680pF 
20pF foil trimmer - 
150pF 
220uF 10V radial 
220uF 25V radial 
100nF 


Semiconductors: — 


1 1N4001 

1 BB204 

1 red LED D3 

2 41N4148 D4;D5 
4+ BC560C ae 

4. BC557B T2 

1 BF451 T3 

1 4049 1C4 

1 78L08 1G2 


Miscellaneous: 
1 3-mm long ferrite bead 

1 150::H choke L2 
0.2-mm dia, enamelled copper wire 
1-mm dia. silver-plated wire 
1 -printed-circult board 


896118 
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Suggested application in conjunction with a SCART (Euro-AV) connection ona TV. 
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Fig. 4. 


leads as short as possible. The two ground 
terminals of trimmer C1) must be soldered 
rapidly at both sides of the PCB to prevent 
the rotor package and the internal foil 
being damaged or deformed by overheat- 
ing. 


Home-made inductors 


Choke L1 consists of 5 turns of 0.2 mm dia. 
(SW'G36) enamelled copper wire through 
a 3-mm long ferrite bead. Carefully 
remove the enamel at the wire ends of this 
inductor by heating it with the solder iron 
while applying a little solder. 

Inductor L3 appears on the component 
overlay (Fig. 3) as a dashed line between 
positions Cit and P2 to indicate that it is 
fitted at the track side of the PCB. The 
inductor consists of 4 turns of 1-mm dia. 
(SWG20) silver-plated wire drawn out to 
a length of about 3 cm. The ‘cold’ end of 
L3 is soldered to ground at both sides of 
the PCB. Preset P2 may then be fitted, fol- 
lowed by the wire links (consult Table 1), 

The LED and the electret microphone 
are fitted on the front panel of the enclo- 
sure, and the adaptor socket at the rear 
panel. 


SCART connection 


The FM transmitter may be used for ‘wire- 
less’ listening to TV sound as illustrated 
in Fig. 3. Thanks to its small size, the unit 
may be fitted permanently near the TV set, 
connected to it via the SCART socket. The 
SCART connection is made via pin 3 
{mono signal output) and pin 4 (audio 
ground). 


Setting up 


Set P2 to the centre of its travel and apply 
an audio signal to terminal ‘3’ of the trans- 
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mitter. Tune an FM receiver to a clear 


frequency near the upper end of the band, 
e.g., 105 MHz. Switch the transmitter on. 
Carefully adjust trimmer C1 until the sig- 
nal is received. If necessary retune the 
receiver for minimum distortion. Next, in- 
crease the distance between the transmit- 
ter and the receiver. Adjust P2 until the 
optimum volume setting is obtained with- 
out running into distortion. 

Change the wire link configuration to 
enable the microphone to be used (sec 
Table 1), and test the VOX. Set the switch- 
on level to individual requirement by ad- 
justing P1. a 
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‘— 
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1 FM TRANSMITTER 


0 Oe 
GES FARE 


Track layouts and component mounting plan of the double-sided printed-circuit board for the mini FM transmitter. 


36 


THE 8031/8731 MICROCONTROLLER 


The single-chip micro seldom appears in 
hobbyist and amateur electronics projects 
in its true minimum form. The primary 
reason for this is the difficulty of develop- 
ing code for the projects without specialist 
equipment, that is, the high cost of an ICE 
(In Circuit Emulator). Projects based on 
the 8031] microcontroller appear fairly reg- 
ularly, but normally the 8031 is configured 
to run in its expanded memory mode. The 
amateur may not have encountered these 
terms before, and a brief description 
of the 8031 wall, therefore, be given 
together with that of the EPROM ver- 
sion of the processor—the 8731. 

The 8031 is a classic 8-bit micro- 
controller, with 64 Kbytes of external 
memory. The memory may be dou- 
bled to 128 K if the Harvard architec- 
ture is used. A Harvard architecture is 
defined as a separate data and pro- 
gram memory. The processor has an 
additional 128 bytes of internal mem- 
ory and a variety of useful peripheral 
devices, The EPROM version of the 
processor incorporates some of the 
external program memory internally, 
starting at address 0, which is the 
power-up address. 

If the on-chip EPROM memory 
(2 K.4K,8 K, or 16 K, depending on 
part number and manufacturer) is adequate 
for the target application code and 128 
bytes is sufficient for all the variables, 
program sub-routine stack, and the inter- 
rupt stack, the processor can be used in 


single-chip mode. As a consequence of 


this, the pins that were used to drive the 
address and data bus for controlling the 
external RAM and EPROM can now be used 
as parallel ports, that is, as general-pur- 
pose input/output. In single-chip mode, all 
of the parallel ports may be used, although 
some pins are multi-functional, i.e., timer 
inputs, serial receiver, serial transmitter, 
interrupt pins, etc. When the processor is 
used with external RAM or EPROM, the pro- 
cessor is said to be operating in expanded 
mode. 

The average amateur application re- 
quires digital [/O, a timer, RAM and EPROM. 


* Dr Kyte is joint managing director 
of MICRO AMPS Ltd. 


Dr David Kyte* 


Armed with these tools, he can tackle 
most controller applications. It therefore 
makes sense to consider the microcon- 
troller with on-board EPROM. To build a 
minimum stand-alone system, a crystal, a 
pcB or hand-wired board, decoupling ca- 
pacitors and some tie-up resistors are the 
only devices required. One Time Pro- 
grammable—oTp—-devices are standard 
EPROM-based microcontrollers with no 


quartz window, since that is used to crase 


the on-chip EPROM. The quartz package is 
expensive, but oTP devices offer low cost 
for low-volume production runs, proto- 
types and amateur applications. 

Given all of the above advantages, why 
are there no single-chip micro projects? 
Simple: code development! 

To develop code for single-chip mi- 
cros, there are several budget related 
routes. The route opted by the professional 
is to rent or purchase an ICE. Typically, this 
may cost between £1,000 and £5,000, well 
beyond the means of the poor, old ama- 
teur. 

The low-cost option is to purchase an 
EPROM device with quartz window. The 
code is written, compiled or assembled, 
downloaded to an EPROM programmer (ad- 
ditional investment may be required for 
the programmer) and the microcontroller 
EPROM programmed. The typical one-off 
cost of a quartz window EPROM microcon- 
troller is £30 to £80, depending on the size 
of the EPROM. If a single device is pur- 


chased (minimum cost solution), when the | 
code fails—as it surely will—the micro- | 
controller EPROM must be erased. The 
EPROM erasure time (additional cost for the | 
eraser!) will typically take 20 minutes, re- 
sulting in a minimum turn-around time of 
about half an hour at best. 

The next problem is testing. To debug | 
the minimum cost route, the processor is 
programmed, inserted into the target PCB 
and the power is applied. If the system | 
works: eureka; otherwise go back to | 
the software listing and start guessing. | 
No real debugging information is | 
available. The on-chip serial port can | 
be used to provide diagnostic data, but | 
only when the code to drive the serial } 
port has been debugged, To configure { 
the serial port, the baud rate, stop bits, | 
start bits, et al, have to be initialized | 
with the use of the 8031 special func- | 
ion registers, which are controlled by ; 
the timer rate register, timer mode reg- | 
ister, serial mode register, and so on. | 
To get all these configured correctly is | 
for the newcomer an extremely daunt- | 
ing task, especially of no suitable | 
tools are available. : 

Another route is to buy a version | 
of the processor with the on-chip 
EPROM connected to a socket mounted | 
piggy-back on the processor. An EPROM 
emulator can then be used to download the | 
code into the PC. The cost of this route is, 
of course, higher, but the turn-around time 
is significantly shorter. The feasibility of 
this route is governed by the manufacturer 
and the company's policy on producing 
piggy-back devices. 

The professional's life, however, is 
considerably simpler. To learn how to 
program the microcontroller, small exam- 
ple routines may be cobbled together, 
loaded into the ICE and executed. If the | 
code fails, it can be re-executed one line at 
a time using a single-step instruction. By | 
observing the memory and register con- } 
tents, the action of the code may be moni- } 
tored. The turn-around time for the profes- 
sional is minutes. As such, learning by ex- 
perimentation is positively encouraged, | 
and the learning curve is reduced. 

Dallas Semiconductor manufacture a | 
range of 8031] microcontrollers with a dif- | 
ference. These devices have 8 K/32 K of 
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XTAL DS5000 


Fig. 1. Block diagram of 


battery-backed RAM configured as internal 
memory replacing the internal EPROM and 
ROM provided by the 87C31 and 83C31 
respectively. The Dallas family of devices 
have the part number DS5000. 

The simplest circuit required to build a 
working DS5000 development system 
consists of a crystal, an RS232 voltage 
converter, a few capacitors, some resistors 
and a pcB—see Fig. |. 

The critical feature of the DS5000 is a 
bootstrap loader to initialize, load and 
configure the internal RAM. In parallel 
with the on-chip battery-backed RAM is a 
small ROM-based monitor program. The 
decision to boot from RAM Or EPROM is de- 
termined by the PSEN line during reset. If 
PSEN is held low and the reset line is high 
when power Is applied to the processor, 
the monitor program is selected, 


Dice pe cel 


a simple DS5000 system. 


The monitor offers a few simple func- 
tions. These include the capacity to down- 
load or upload Intel hex files through the 
serial port and configure the internal RAM 
as data or program memory. For those 
people that are sensitive about copyright 
protection, there is encryption hardware 
provided for programs stored in internal 
program memory. The encryption key is 
also defined using the bootstrap monitor. 
As it is unnecessary to program and erase 
FPROMS, the entire turn-around time for 
code development has been reduced sig- 
nificantly to a few minutes, 

Unfortunately, the code development 
cycle is still a code, power-up and run sce- 
nario. No additional debugging informa- 
tion has been provided. 

By executing a small monitor program 
residing in the DS5000 communicating 
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with the PC through the serial port, the PC 
can interrogate the status of the microcon- 
troller's internal and external RAM, special 
function registers, and so on. The data is 
presented to the user on PC; consequently, 
the size of the code in the microcontroller 
is kept to a minimum. However, sophisti- 
cated debugghing information (disassem- 
bly. memory dumping, single stepping, 
break points, etc.) can be generated as a 
sequence of transparent data transfers 
using the simple DS5000 monitor com- 
mands. If the DS5000 is configured in sin- 
gle-chip mode, and the port pins are at- 
tached to a ribbon cable terminated in a 
40-pin DIL socket and an RS232 drive is 
connected to the serial port, an extremely 
low-cost ICE can be built. 

The hardware for the Ice (described in 
a forthcoming article) ts less than £100. 
PC-based communications and debugging 
software is available for £75. Future arti- 
cles will highlight features of the 8031 ar- 
chitecture during the description of appli- 
cations. These applications and articles 
will probably include a dark-room timer 
with phonetic speech timing and a green- 
house watering system. a 


DAYLIGHT-RESISTANT OPTO-ISOLATOR 


Many X-Y plotters, particularly the DIY 
type, have, for all sorts of reason, no protec- 
tion against incident light, so that the photo- 
transistor in the opto-isolator can not differ- 
entiate between the light from the associated 
LED and daylight, The circuit shown here of- 
fers a solution to this problem. 

A Type 555 timer pulses the LED in the 


opto-isolator at a rate of 10 kHz. If, at the re- 
ceiver end, only the signal at that frequency 
is amplified, neither daylight nor bright artif- 
ical light can disturb the operation of the 
light barrier. 

Ata pulse rate of 10) kHz, the pulse spac- 
ing is 100 ps. If the duty factor is 6:4, the 
pulse width is 60 ps. At that rate, the LED 
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can be pulsed at about 45 mA. The pulsating 
current is fully compensated in relation to 
the voltage by C3. 

The on-time of the pulse signal at the Q 
output of IC1 is determined by R1I-R2-C1 and 
the off-time by R2-C1: 

pulse width f, = 0.693C1(R1+R2) = 60 jts; 

pulse spacing fy ~ 0.693C1R2 = 40 us. 

The receiver in the opto-isolator, that is, 
the photo-transistor, is actuated by the re- 
flected light from the light barrier and ap- 
plies the consequent 10 kHz signal to a x80 
amplifier via C5, The capacitor and the input 
resistance of the amplifier form aa high-pass 
filter. The collector of TI has a d.c. potential 
of 3 V. Capacitor C8 and diode D1 cause a 
dic. shift, so that at the anode of D2 positive 
pulses with a width of 60 us are present. 
These pulses charge C9 via D2 and R9. If suf- 
ficient pulsating light is reflected as, for in- 
stance, when the paper is less than 15 mm 
from the light barrier, the voltage across C9 
is sufficient to switch on T2. The output sig- 
nal is then taken direct from the collector or 
via the relay (do not forget D3). 

The circuit draws a quiescent current of 
about 30 mA and an operational one of 
around 80 mA, excluding the relay current. i 


DECOUPLING POWER RAILS 


Adequate decoupling of power rails of 
most circuits is a seriously underesti- 
mated necessity. Particularly in the design 
of printed-circuit boards, it often happens 
that at the last moment the thought occurs 
that there is no or insufficient space left for 
decoupling capacitors, small though these 
normally are. It is, of course, not surpris- 
ing that such negligence often results in 
spontaneous oscillation in analogue cir- 
cuits and unreliable operation of digital 
circuits. Especially sequential digital cir- 
cuits, such as dividers, counters and bi- 
stables are prone to these problems, the 
causes of which are normally very diffi- 
cult to find. 

Power rails should be decoupled by a 
capacitor close to the relevant pins of the 
IC, since the rail has a certain amount of 
inductance. Variations in the current 
through this inductance cause a potential 
drop that manifests itself as a short pulse 
or spike. The capacitor serves to buffer 
(that is, minimize) these current tran- 
sients. 

Current transients arise, for example, 
during the switching of logic circuits, 
since all sorts of parasitic capacitance are 
charged or discharged during the change 
of output level. Also, just at the instant the 
change is taking place, the transistor in the 
output stage that switches to earth and the 
transistor that switches to the positive rail 
are conducting simultaneously, This 
means that fora very short time the power 


{rom 
lagle 
elreult 


clreuit 


aga nnety 


Fig. 1. Beacuse of the internal 50 © resis- 
tor, TTL circuits have some inherent short- 
circuit protection that CMOS circuits have 
not. 
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supply is short-circuited. The 50-Q resis- 
tors in TTL-logic circuits limit the conse- 
quent short-circuit current, but 4000 and 
HC(T) series CMOS circuits have no such 
protection. It is for that reason that CMOS 
circuits need to be decoupled even more 
effectively than TTL circuits. Note that the 
static current, which is many times greater 
in TTL circuits than in CMOS circuits, has 
no bearing whatsoever on the degree of 
decoupling needed. 

Decoupling capacitors must be con- 
nected with their terminals cut as short as 
feasible direct to the supply pins of the 
relevant IC. 

The effectiveness of a number of stand- 
ard types of capacitor is discussed below. 

* The wet aluminium electrolytic capaci- 
tor has a fairly large self- inductance 
owing to its construction (rolled foil). 
Nevertheless, it performs very well as a 
decoupling device. [ts value does not 
matter much: 1 uF to 10 uF are suitable 
values. Disadvantages are a relatively 
short life and fairly high leakage cur- 
rents, 

« The dry aluminium electrolytic capaci- 
tor is in the same league as the tantalum 
capacitor. Is life is considerably longer 
than that of the wetelectrolytic type. Like 

tantalum capacitors, they are excellent 
for decoupling but, again like tantalum 
types, they are relatively expensive. 

* The tantalum capacitor, although rela- 
tively expensive, is widely used for de- 
coupling purposes, because of its excel- 
lent all-round properties. 

* The ceramic capacitor is the decoupling 
capacitor par excellence. It is inexpensive, 
has good h.f. Se abate so that relative- 
ly low values (22 nF to 100 nF) may be 
used, while its large tolerance and non- 
linear temperature behaviour do not 
matter for decoupling. 

* The metallized film capacitor (MKT, 
MKH, etc.) is, perhaps, too good for de- 
coupling purposes. This is because the 
capacitor and the self-inductance of the 
power rail form an oscillatory circuit. 
The low losses of metallized capacitors 
caused underdamping of the occasional 
oscillations. It is interesting to note that 
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The self-inductance of power rails may be reduced by using 2 or 3 rails in parallel. | 


the much higher losses of ceramic capa- 

citors are, in this respect, a definite ad- 

vantage. 
Some guides for effective decoupling are 
given below. 

* Provide eachand every PCB withits own 
47 WF to 100 WF electrolytic buffer capaci- 
tor. 

* Bothinput and output of voltage regula- 
tors should be decoupled by a capacitor | 
of at least 100 nF (positive regulators) or | 
22) nF (negative regulators). 

* Simple logic gates should be decoupled 
by one capacitor of not less than 22 nF 
per four [Cs if these are close together. | 
More complex circuits like bistables need j 
one capacitor for every two ICs, while | 
counters and dividers should have one 
capacitor for each IC, Individual ICs 
should have a separate decoupling capa- 
citor, 

In addition to the use of decoupling capa- 
citors, the self-inductance of the power 
rails can be reduced by two or three rails 
in parallel as shown in Fig. 2. Research 
has shown that increasing the diameter of 
the rails merely reduces the resistance, but 
not the self-inductance. 

Another aspect is that the self-induct- 
ance of the rails is directly proportional to 
the enclosed surface. It is, therefore, better 
to place them close together than to separ- 
ate them—see Fig. 3. a 
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Fig. 3. Place the rails close together to 
minimize stray inductance. 
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One of the greatest problems 
with speech recognition systems 
— or computers that listen — is 
that there is so much variation in 
the way people speak. A Scots- 
man will say a word one way, a 
New Yorker another; and even 
the same person may pronounce 
aword differently on separate 
occasions. 

Edinburgh University, backed by 
Britain's Alvey Research Pro- 
gramme, is trying to develop a 
new speech recognition system 
that will overcome this problem. 
It is designed to extract the most 
important features of vowels and 
consonants and use these as 
clues to the sounds that are spo- 
ken. A special dictionary is then 
used to relate these sounds to 
words. ; 
Traditional systems do nat break 
sounds up into their component 
features, but instead use tem- 
plate methods whereby whole 
words are matched against 
stored patterns - and if they do 
not match perfectly, the system 
may not give the right answer. 
Seen in the photograph are sci- 
antists of the university's Centre 
for Speech Technology 
Research working on two stages 
of the process. In the back- 
ground is Adlab, a commercial 
product developed at the Centre. 
and its display is showing voice 
patterns ready for processing. 
The equipment splits the pat- 
terns into different components 
or features, which are shown on 
the display in the foreground. It 
is these components that are 
used to identify the sounds that 
were spoken, 

So far, scientists at the Centre 
have demonstrated the feasibility 
of their approach on a 4000- 
word system with 8500 pronunci- 
ations. 


Centre for Speech Technology 
Research, 

University of Edinburgh, 

80 South Bridge, 
EDINBURGH EH1 1HN 
Telephone 031 225 8883. 
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The electronic doorman enables a door to 
be opened automatically after a predefined 
delay from the moment a bell has been 
rung. It is intended for use in, for instance, 
waiting rooms and offices. The idea behind 
it is that the person who normally operates 
the door-opening control on his/her desk 
need not interrupt his/her work to open 
the door to visitors, patients or clients, 

The voltage that serves to trigger the 
circuit is obtained by connecting inputs ‘A’ 
and ‘B’ in parallel with the bell, electric 
chime or buzzer. When a signal is detected, 
pin 2 of timer IC] is pulled low by the pho- 
totransistor in optocoupler [C3. The time 
delay introduced by the timer may be set 
roughly between 3s and 6s with P1. After 
this delay, pin 3 of IC] reverts to low. The 
trailing edge of this signal is converted to a 
short trigger pulse by C3-R4. 

A second timer, [C2, is triggered and in- 
troduces a second delay of between 2 s and 
6s, set with P2. During this delay, the high 
output level at pin 3 causes the door 
opener to be actuated via driver Tl and 
relay Rel, The relay contacts, C and D, are 
connected in parallel with the existing 
door-opening switch, 

Resistor R7 eliminates inductive volt- 
age peaks when the doorman is switched 
off to prevent erroneous triggering of the 
timers. Its value must be determined em- 
pirically. Clearly, it should not be so low as 
to cause the door to be opened at the mo- 
ment the relay contacts are connected to 
the switch on your desk. 

The presets on the board allow the wait 
time and the ‘door open’ time to be set to 
individual requirements. In practice, a 
‘door open’ time of about 4's gives the best 
effect. ® 

(R. Dischler) 


The contro] enables the pulse-width of a 
clock signal to be set with thumb-wheel 
switches. The pulse widths are set in five 
ranges: 1~999 ts; 0.01—-9.99 ms; 0.1-99.9 ms; 
1-999 ms; and 0.01-9.99 s. These ranges 
overlap to some extent and this is done on 
purpose to make available settings like 
5.46 ms or 45.8 ms. The circuit has an error 
detector that gives a visual indication if the 
set pulse-width exceeds the period of the 
input clock signal. The permissible timing 
error is £0.1 ts in all ranges. 

HCMOS inverter [Coa and quartz crys- 
tal X1 form a 10 MHz oscillator whose out- 


ELECTRONIC DOORMAN 


PARTS LIST 


Resistors: 

R1 = 1k0 

R2, R4 = 33k 

R3, R5 = 22k 

R6 = 4k7 

P1, P2 = 50 k preset 


Capacitors: 

C1,C4=10n 

C2, C5 = 100 uF, 25 V, radial 
C3=1n 


Semiconductors: 
IC1, IC2 = 555 
IC3 = TIL11 

D1, D2 = 1N4148 
T1 =BD139 


Miscellaneous: 
Re1 = 12 V relay for PCB mounting 
(e.g. Siemens V23127-B00-- 
A101) 
PCB Type 904002 


put signal is divided by [C1, [C2 and IC3a 
to 1 MHz, 0.1 MH~z, ...100 Hz. The required 
range is selected by $1. The signal is used 
to clock IC4 which, together with [C3b, 
forms the pulse-width counter. 

The outputs of the pulse-width counter 
are applied to diodes and thumb-whceel 
switches. The AND function so created 
causes the output of IC6c to go low only 
when the count state in [C4 and IC3b is 
equal to the number set with the thumb- 
wheel switches. 

The circuit operates at the leading edge 
of the input clock signal applied to IC5a. 


IN4148]D2 Ret 
G] 
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When a leading edge occurs, the Q output 
of [C5a goes low, thereby enabling coun- 
ters [C1-IC4, The Q output, which forms 
the output of the circuit, goes high. 

When the set time is reached, the out- 
put of [C6c goes low. Bistable [C5a is im- 
mediately reset whereupon its Q output 
goes high and the counters are reset. Con- 
sequently, the output of [C6c reverts to 
high so that [C5a is enabled again and 
ready to be clocked by the next leading 
edge at its CLK input. Meanwhile, the Q 
output of IC5a goes low and this marks the 
end of the output pulse. 
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If a leading edge occurs while the Q 
output of IC5a is high, a logic 1 is clocked 
into IC5b whereupon D13, the ERROR indi- 
eator, lights. It goes out again as soon as 
the error condition is ended by a change of 
range or set value. 

IC6 is an unbuffered type that must not 


A standard voltage regulator Type 7805 is 
inexpensive and casily available, but its 


maximum current of 1 A can at times 
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be replaced by an HC or HCT equivalent, 
otherwise the reliable operation of the os- 
cillator is not guaranteed. 

It should be noted that pulse-width set- 
tings between 0.1 us and 99.9 pts with an 
input signal of 10 MHz may not work in 
all cases because the AND function formed 


3A, 5 V POWER SUPPLY 


prove a handicap. However, this current 
may be increased by adding a power tran- 
sistor (T3 in the circuit diagram below) on 


904012-11 
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= 1N4148 


01...D12 
C5...C10 = 100n 


= 4518 
T4HCT74 
74HCU04 


1C1...1C4 


Ics 


10 is — 9.99ms 
6.ims — 99.9ms 
10ms — 9.995 


B= 
CS 
D= ims — 999ms 


S1:A=1 ws —999 as 
E 


by diodes D1-D12 and the associated pull- 
up resistor, R3, may not be fast enough. 
The output pulses from IC5b may have 
to be cleaned or reshaped to eliminate 
overshoot. 
The circuit draws a current of not more 
than 10 mA from a 5-V supply. a 
(C. Sanjay) 


a heat sink. When the current drain is 
small, the 7805 continues to function as be- 
fore. When the current rises above 15 mA, 
however, the potential drop across R4 is 
large enough to switch on T3. This transis- 
tor is protected against short circuits by T2. 
When the current through the MJ2955 rises 
above 3 A, the voltage drop across R3 is 
large enough to switch on T2. This limits 
the base-emitter voltage of T3, so that the 
output current can not increase much 
more. 

In parallel with T2 is a transistor, T1, 


Fig. 1. Circuit diagram of the power supply. 
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Fig. 2. The printed circuit board for the power supply. 


that switches on an LED as soon as current 
limiting occurs. Resistor R5 has been 
added to limit the current through the reg- 
ulator as soon as the current limiting cir- 
cuit operates, since R4 is then short-cir- 
cuited by T2: in the absence of R5, the full 
current would flow through the 7805. 

Of course, there is a price to be paid for 
the higher output current: the input volt- 
age must be 10 V for an output current of 


An isolating amplifier, also called buffer, is 
used to match two dissimilar impedance 
points and isolate one stage from a suc- 
ceeding one in a cascaded system, and 
thus prevent undesirable interaction be- 
tween them. 

The present isolating amplifier has a 
bandwidth of 40 Hz to 40 kHz and a dis- 
tortion of not greater than 1% ata 1 kHz 
signal of 70 mV rm.s. The current drawn 
by each section is not greater than 10 mA. 

The amplifier is based on an opto-isola- 
tor that provides the separation between 
the two sections. The LED in the isolator, a 
Type CNY21 or IL10, is driven by opamp 
IC1, a Type LF356, 

Because the feedback resistor, R2, fol- 
lows the LED, a large portion of the distor- 
tion produced by the LED is suppressed by 
the opamp. The bias current for the LED is 
adjusted with P1. In the present circuit, the 
level of this current is chosen at 1 mA, 
since that gives a reasonable compromise 
between the overall power consumption 
and the non-linear distortion. 

The bias-current setting is not the only 
factor that determines the total distortion: 
the alternating current through the LED 
also plays a part. This is the reason that the 
primary section of the amplifier has been 
designed to cause an a.c. through the LED 


3 A, instead of 8.5 V for currents up to I A. 
The current limiting comes in relatively 
gradually; when the output is short-cir- 
cuited, a current of up to 6 A may flow for 
a short period. Obviously, that situtation 
should not be allowed to last for long. 

In the construction, take care that T2 
and T3 are insulated from the heat sink. 
The 7805 does not really need a heat sink, 
but it does no harm to fit it also to the heat 


AF ISOLATING AMPLIFIER 


whose level is about 10% of that of the bias 
current at a signal level of 70 mV rms. 
(100 mV p-p). When this input level is ex- 
ceeded, the distortion increases signifi- 
cantly, and it is, therefore, necessary, to 
limit the input level to the value stated. 
The direct and alternating currents 
through the LED, /L and 1 respectively, 


PARTS LIST 
Resistors: 
Ri = 3302 
R2=470Q 
R3 = 02218; 5 W 
A4=479 
R5= 182 


Capacitors: 
Ct = 4700 4; 16 V 
C2 = 10 p; 16V 


Semiconductors: 
Di = LED, red 
T1 = BC557B 
T2 = BD140 

T3 = MJ2955 
C1 = 7805 


Miscellaneous: 


K1, K2 = 2-way PCB connector | 


heat sink 2-3 K/W 


sink. If you follow the component layout 
in Figure 2 above, you should not experi- 
ence any difficulties with the remainder of 
the construction. a 

(K. Walters) 


are calculated from: 
ft. = Upt (R2+R3)/RIR3S 
iL = ui (RI+R2+R3)/RIR3 


where LP? is the voltage at the wiper of Pl 
and ui is the input voltage. 


IC1,1C3 = LF356 
IC2 = CNY21,IL10 
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Adjustment of the primary section is 
effected by setting P1 to obtain a reading 
of 1 mA through a milliammeter con- 
nected in place of JP1. 

The signal received by the photo-tran- 
sistor in the opto-isolator is amplified by a 


Any switch or key in a digital circuit may 
cause problems because mechanical con- 
tacts bounce up and down a few times be- 
fore they close. Normally, this weakness is 


IC1 = 1/3 74HCT14 
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GLOGKWISS AND ANTI-CLOCKWiISs DG MOTOR CONTROL 


This straightforward circuit, based on four 
darlingtons, enables a d.c. motor to rotate 
clockwise or anti-clockwise under the con- 
trol of two digital signals provided by, say, 
a computer. 


01, D2 = 1N5408 
T1...14 = BD679 


904022-11 
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second LF356 whose gain is controlled by 
P2. After the LED current has been set, this 
preset may be adjusted to ensure unity 
gain of the entire amplifier. 

The circuit needs two completely sepa- 
rate power supplies and this means two 


SBOUNCING CIRCUIT Witrl TWO OUTPUTS 


negated by an RS bistable, but this article 
shows that it also may be achieved by a 
monostable. 

The two gates in the circuit diagram 
form a monostable with a mono time of 
100 ms (the bounce time of a key is typi- 
cally 20 ms). 

In quiescent operation, the input of in- 
verter IC1b is at the level of the supply 
voltage, so that its output is low. This low 
level is connected to the input of ICla via 
R3. The output of ICla is thus high and Cl 
is not being charged. 


ictaL)’ ces | 


(B) IC1a »: l J 
(A) IC1b db; in 
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As may be seen from the diagram, the 
circuit consists of two identical sections. 
Concentrating on the left-hand section, 
when a high logic level (+5 V) is applied to 
input I1, T2 is switched on and a current 
can flow to earth via D1. 
T1 is cut off, because its 
base is negative with re- 
spect to its emitter owing 
to the voltage drop across 
the diode (-0.6 V). When a 
low logic level (0 V) is ap- 
plied to 11, T2 is cut off 
and T1 obtains base cur- 
rent via R1. The motor can 
then draw current via T1. 

The right-hand section 
operates in an identical 


S7 


transformers or one transformer with two 
isolated secondary windings. The primary 
section needs a symmetrical supply, 
whereas a single 8-15 V supply will suffice 
for the secondary section, a 


(J. Ruffell) 


When the switch, 51, is closed, the 
input of ICla goes high because R1 has a 
smaller value than R3. The output of ICla 
then becomes zero, which is immediately 
connected to the input of IC1b via C1. This 
low level remains at the input during a 
time determined by R2-C2. Any bounce of 
the switch during this time has no effect 
whatsoever, because the output of IC1b, 
and thus the input of ICla, is high. 

When a switch or key is released, it will 
be noticeable at output B but not at output 
A, because C1 needs time to discharge. 
Only after it has discharged, can the 
monostable be triggered again. 

The gates should be CMOS types, 
preferably of the HC/HCT series, The cir- 
cuit works best with Schmitt trigger in- 
verters, although most run-of-the-mill in- 
verters work perfectly well. 

The current drawn from the supply is 
negligible. fa 

(From an idea by H. Siits) 
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manner. 


By applying different logic levels to the 
inputs, that is, logic high to [1 and logic low 
to 12, or vice versa, the motor may be made 
to rotate clockwise or anti-clockwise, as the 
case may be. When the levels at the inputs 
are identical, the motor is at a standstill. 

With component values as shown, mo- 
tors needing up to 45 V at 2 A may be con- 
trolled. However, when the current exceeds 
0.5 A, the transistors need heat sinks. 

The circuit may be used to control the 
motor speed by pulse-width modulation. 
This requires a constant level at one input 
(depending on the direction of rotation), 
while the pulses are applied to the other 
input. a 

(R. Mennis) 


As more and more electronics enthusiasts 
appear to have overcome their initial 
doubts, misgivings and fears of working 
with surface-mount technology (SMT) 
components, there is a growing demand 
for a universal board that allows proto- 
type SMT circuits to be assembled quickly 
and reliably. 

Since SMT component have no wire 
terminals, they can be fitted only by being 
soldered direct to the copper pads. The 
board presented here provides pads that 
are arranged in a pattern that enables vir- 
tually all types of SMT component to be 
accommodated. wy 

(M. Fabiselt) 


D096 


The usual series 7805 and 7812 three-pin 
voltage regulators are excellent for normal 
applications. If currents up to 3 A are re- 
quired, an additional transistor, such as T2 
in the diagram, 
works well, but the overall dissipation in 


is used. That solution 


case of a short-circuit can get fairly high. 
That creates a difficulty, particularly when 
a Type 7812, 7815 or 7824 is used. This dif- 
ficulty may be overcome by so-called fold- 
back regulation. This ensures electronically 
that the maximum current is reduced 
when the output voltage decreases. In the 
prototype, the maximum current with the 
output short-circuited was only 0.5 V so 
that overheating did not occur. 

Only w additional components are 
needed for foldback regulation. In the dia- 


a few 


gram, Tl provides current limiting. As 
soon as the voltage drop across R2+R3 be- 
comes greater than 0.6-0,7 V, the transistor 
is switched on, which reduces the base cur- 


The most noteworthy element in this cir- 
cuit is Thl, which is known in data books 
by no fewer than three different names: 
thyristor tetrode, programmable uni-junc- 
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rent of T2 to virtually zero. The 
voltage regulator is then more or 
less on its own, but it has very good 
thermal protection and limits its 
output current well before any 
harm is done. The voltage at 
which the protection circuits come 
into operation is the sum of the po- 
tentials across R2 and R3. Resistors 
R3 and R4 form a voltage divider 
for the potential across T2. The dis- 
sipation in T2 is directly propor- 
tional to the collector-emitter volt- 
age, Which is thus used here to con- 
trol the current. In this way, the regulation 
characteristic is a function of the level of 
the input voltage. 
It is educational to experiment with the 
values of R2 and R3, When a short-circuit 
occurs, the drop across R3 should be large 
cnough to drive TT into virtual saturation. 
There is then practically no output current. 


QUENCY SAWTOOTH GS 


tion transistor (PUT) and_ silicon-con- 
trolled switch. In fact, the BRY39 is a four- 
layer (p-n-p-n) component. One of the 
characteristics of this type of component is 


OT 
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During testing, it will be noticed that 
78xx regulators can withstand currents 
that are considerably larger than specified 
by the manufacturer (1-1.5 A), 
they get hot, when the maximum current 


that is, until 


level decreases a 
(Fairchild application) 


pEN ERATOR 


that the junction of the two outer layers, 
that is, anode and cathode, begins to con- 
duct when the potential across it exceeds a 
certain value. It ceases to conduct when 
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pr ee pe 


% see text 


the current flowing from anode to cathode 


drops below a given level. 

The sawtooth generator, which makes 
use of this property, is littke more than an 
integrator of which the input is connected 
permanently to the negative supply rail. Lf 
it were not for Thl, the output of IC] 


The LM3915 from National Semiconductor 
contains virtually everything for making a 
simple, yet reliable, audio power meter 
with a bar-type read-out. The circuit has 


Ic1 
LM3915 


p10-8 4B -7-6-56-4-3-2-4 
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X: 0.2 msidiv; Y: 2 Vidiv; zero line: 4 V. 


would rise slowly from 0 V to +15 V after 
switch-on and stay there. This voltage 
would also remain across Cl and Th1. 
This does not happen, however, because 
before the output of IC] reaches +15 V, 
Thl is switched on, which causes C1 to 
discharge rapidly so that the output of IC] 


AUDIO POWER INDICATOR 


one drawback in that it requires a separate 
power supply. This is compensated, how- 
ever, by the fact that it is pretty sensitive 
(0.2 W min.) and does not degrade the 


PARTS LIST 
Resistors: 
R1 = 10k (see text) 
R2 = 10k 
R3 = 390 Q 
R4 = 2k7 


Capacitors: 
C1 = 22 uF, 25 V, axial 


Semiconductors: 
Di~D10 = LED, rectangu 
lar 

iC1 =LM3915 


Miscellaneous: 
Enclosure: Pan-Tec Type 
PIN1064-01 


Sg 


drops to 0 V. It does not reach that level, 
however, because before then the current 
through Th] is too low to keep the device 
conducting. As soon as Thl is switched 
off, the output of ICI will rise slowly to 
+15 V, and so the action continues. 

The voltage at which Thl switches on 
may be preset within certain limits with 
P1. If it is set at 8.3 V (the positive peak of 
the sawtooth), the period would be of the 
order of 0.5R1C1, but this could, of course, 
be set to the required value with P1, 

Note, however, that because of other 
properties of Thl the value of R3 must re- 
main between 500 kQ and 2.2 MQ. The 
value of Cl may lie between | nF and 200 
uF. Lf large values are used, it is advisable 
to connect a 15 Q resistor in series with the 
capacitor to limit the peak current during 


the discharge. is! 
(R. Sanjay) 


sound quality in any way, since it does not 
present an additional load to the amplifier 
(in contrast, many inexpensive AF power 
indicators derive their display current 
from the amplifier). 

The value of resistor RI depends on the 
loudspeaker impedance as shown in the 
table inset in the circuit diagram. The resis- 
tor may be replaced by a wire link in the 
relevant position on the PCB if it can be fit- 
ted inside the plug that connects the indi- 
cator to the loudspeaker. This makes it 
convenient to use the indicator with loud- 
speakers of different impedance: use a 
dedicated cable for each impedance. 

For use with stereo systems, the circuit 
is either built in duplicate or the signals 
across the loudspeakers are applied to two 
series-connected resistors R1, whose com- 
mon junction is connected to pin 5 of ICI. 
The latter method may raise some eye- 
brows, but it works fine in practice. 

The power supply for the indicator is 


S10 


derived from a simple a.c. mains adaptor 
that provides a d.c. output of 12-20 V. 
Finally, it should be noted that the ac- 


In most variable power supplies, the corre- 
lation between the setting of the wiper of 
the relevant potentiometer and the output 
voltage is non-linear. This results in the 
output voltage either having to be mea- 
sured or indicated on an integral meter. If 
the relation were linear, a simple linear 
scale on the potentiometer would suffice. 

The only difference between the pre- 
sent and a traditional power supply is that 
the wiper and the ‘earthy’ terminal of the 
relevant potentiometer are inter-linked. 
This simple fact allows a number of equiv- 
alent circuits to be improved. It is, of 
course, necessary to use a linear poten- 
tiometer. 


Most power supplies, particularly switch- 
mode types, are not designed to provide 
output voltages smaller than a volt or two, 
It is often desirable, however, especially in 
experimental work, to raise the output 
voltage slowly from 0) V. 

The circuit shown here may be used 
with almost any power supply. The use of 
an auxiliary voltage, provided by T1-R3- 
16, makes the supply act as if its output is 
equal to the internal reference voltage of 
5.1 V, whereas in fact it is lower. 

When the wiper of P1 is at earth poten- 
tial, the circuit is an ordinary supply 
whose output may be varied with [2 be- 
tween 5.1 V and 30 V. For the present pur- 
poses, P2 is permanently adjusted to give 
an output of 30 V: from now on the output 
will be varied by PI. 

When the wiper of Pl is at earth poten- 
tial, the output voltage is 30 V, Opening 
the potentiometer causes a larger and 
larger voltage from wiper to ground, 
which is derived from the auxiliary source 
based on T1. From the regulator, it there- 
fore seems as if the output voltage in- 
creases, which, of course, is not so. The 


POWER SUPPLY DOWN TO 


tual power measurement is an approxima- 
tion only since the LM3915 reacts to the 
positive half-cycles of the signal only. This 


LINEARLY VARIABLE POWER SUPPLY 


Some parameters 
of the circuit: input- 
28-37 V; 
output voltage: ad- 


voltage: 


28-37V 


justable from 2 V to 
25 V; maximum out- 


put current: 2 A. 

It should be 
noted that the dissi- 
pation of the MJ3000 
can rise to 50 W: it 
is, therefore, neces- 
sary that this com- 
ponent be fitted on a 
1.5 K/W heat sink 

(N. Kérber) 


output voltage thus drops further and fur- 
ther the more [1 is opened. 

In the prototype, an auxiliary voltage of 
6 V was rather too low to reduce the out- 
put voltage to zero. A zener of 8.2 V was 
found more suitable. 


causes the top LED in the bar to light at a 
slightly reduced intensity. a 
(K. Watters) 


2220 YOLLS 


The Type L296 regulator can provide a 
current of up to 2 A. A Type L4960 may 
also be used, b ut the maximum current is 
then somewhat lower. | 

(SGS application) 
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A pulser is a special type of pulse genera- 
tor that produces short-duration (fast) 
pulses. Such pulses are very useful for test 
and measurement purposes. For instance, 
in conjunction with an oscilloscope, they 
enable short-circuits and breaks in PCB 


tracks to be located quickly. 
The pulser also makes it possible for 
the logic level to be ascertained at any 


IC2 = 74HCT74 


12..15V ,  15mA...1Amax. 


@) 
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point in a circuit where the probe is held. 
When spring-loaded switch S1 is pressed, 
al us pulse is generated at the opposite 
logic level from that at the relevant point 
in the circuit under test. Because of C5, a 
current of up to 500 mA may be drawn for 
the duration of the pulse. 

The logic level at the test point is ascer- 
tained by IC2a, a D-type bistable to whose 


IC1 = 74HCT123 
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DE LUXE NICD BATTERY CHARGER 


With circuit values as shown, this charger 
allows up to seven series-connected NiCd 
batteries to be charged. This number may 
be increased by raising the input voltage 
by about 1.65 V per additional battery. Pro- 
vided T2 is fitted on an appropriate heat 
sink, the input voltage may be increased 
up to 25 V, 

In contrast to many conventional NiCd 
battery chargers on the market, the present 
one provides protection against polarity 
reversal, That is, when the battery termi- 
nals are connected the wrong way to the 
charger, no charging current is produced. 

Another useful property of the charger 
is that it does not load the battery when it 
is switched off. 

NiCd batteries are normally charged 
over a period of 14 hours at a current equal 


at 
13 


D input the measured signal is applied. At 
the instant SI is pressed, the bistable re- 


ceives a clock pulse upon which the signal 
at the D input is transferred instantly to 
the Q output and—inverted—to the fa) out- 
put. 

Two monostables, [Cla and IC1b, drive 
the two output transistors that generate 
the pulse. 

The signal from S1 is applied to the B 
inputs of the monostables via delay line 
R2-C2. The monostables can be triggered 
by a leading edge at their B input only 
when their CLR input is logic high. There- 
fore, depending on the logic level at the D 
input of IC2a, one of the monostables will 
be disabled. The other is triggered and 
switches on the relevant transistor at its 
output for 1 pts. Tf, when 51 was pressed, 
the logic level at the probe was ‘1’, transis- 
tor T2 is switched on by IC1b. If the level 
had been ‘(', TI 
switched on by [Cla. 

Capacitor C5 ensures that sufficient cur- 


would have been 


rent is provided at the test point. When no 
pulses are generated (pressing S1 generates 

only one pulse), C5 recharges via R7, 
During operation, the pulser draws on 
average not more than 5 mA froma 9 V 
battery. a 
(C. Sanjay) 


to about 1/10th of the battery capacity. In 
other words, a 500 mAh battery is usually 
charged at 50 mA for 14 hours, Normally, a 
slightly longer period of charge will not 
harm the battery. If, however, the current is 
higher than indicated, the charging time 
must be reduced proportionally to prevent 
damage to the cells. 

The level of charging current is con- 
trolled between 0 mA and 1 A with preset 
Pl. The current may be measured with a 
voltmeter across R3, which, to avoid calcu- 
lations, has a convenient value of 1 2. 

Operation of the circuit is straightfor- 
ward. Transistor Tl is on when a battery is 
connected with correct polarity and also if 
the output terminals are open-circuit. The 
collector current of this transistor results in 
a reference voltage of about 2.1 V across 


diodes D1-D3. Part of this voltage is ap- 
plied to darlington transistor T2 via P1. 
The emitter resistor of T2, R3, provides the 
constant-current function. Note that T2 
must be fitted on a heat sink. 


The voltage regulator in portable, battery- 
operated equipment must have minimum 
dissipation, good temperature stability, 
and be able to deliver an adequate current. 
These requirements are met by the IRF9530 
MOSFET series regulator from Precision 
Monolithics Inc. (PMI), One of its main at- 
tributes is the low drive current required: 
the two Type OP90 opamps that drive it 
and at the same time generate the refer- 
ence voltage draw only 20 WA, 

Circuit [C2 compares a portion of the 
output voltage existing across divider Ro6- 
R7 with the reference voltage provided by 
IC1. Its output adjusts the gate potential of 
the IRF9530 in a manner that ensures a 
constant drain voltage of 5 V. Resistor R7 is 
a pull-up resistor. At output currents be- 
tween 0 A and 1 A, the gate voltage lies be- 
tween 3.75 V and 1.9 V respectively, 

Transistor Tl and circuit IC1 form a 
band-gap voltage reference. Because of its 
high stability and low current drain (about 
5 WA), this type of reference is eminently 
suitable for this application 

Owing to the presence of R3 in the 
emitter circuit of T1b, this transistor draws 
less current than Tla. Because of this, the 
base-emitter voltage of T1b will be some- 
what smaller than that of Tla. None the 
less, the collector voltages of the two tran- 
sistors are practically equal since the value 
of R2 is much higher than that of R1. These 
collector voltages are applied to the two in- 
puts of IC] and their (magnified) differ- 
ence is fed back to the bases, 

The ratio R1:K2:R3 has been chosen to 


Eooncs] O—= 
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In case the BD679 is difficult to obtain, 
it may be replaced by any n-p-n medium 
power darlington with a collector volt- 
age/ current specification of 30 V at 2 A. 

The maximum output current may be 


LOW-LOSS VOLIAGS REGULATOR 


ensure good compensation of the tempera- 
ture coefficient of the transistors. 

The optimum operating point of the cir- 
cuit coincides with a reference voltage of 
1.23 V. 

The circuit was originally designed 
with a Type MATO1 in the T1] position, but 


> SV4/1A = 


Resistors: 

Rt =680 

R2 = 47k 

R3=102,3W 

P{ = 1 k linear potentiometer 


Semiconductors: 
Di-D5 = 1N4148 
Dé = 1N4001 

Ti = BC557B 

T2 = BD679 


Miscellaneous: 
Heat sink far T2 


increased above 1 A by lowering the value 
of R3. 

The charger draws a quiescent current 

of 15 mA at 12 V. i 

(Ever Ready application) 


it will work satisfactorily with most types 
of dual transistor. It should be noted, how- 
ever, that some other types were found 
very sensitive to tolerances. In some cases, 
this prevented the circuit from stabilizing 
on a fixed operating point, which resulted 
in the output remaining high or low. To en- 


IRF9530 


” 


% see text 


top view top view 
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sure a well-defined output voltage at 
power-up, the offset adjustment (pin 5) of 
IC1 is connected to earth. This results in 
the output of IC] always being logic high 


on power-up. 

When a dual transistor other than the 
MATOH is used, it is advisable to adapt the 
values of R3 and R4 by disconnecting pin 
6 of IC1 from the bases of the transistors. 
Next, apply a voltage of 1.23 V (via a volt- 


age divider) to the bases and vary the val- 
ues of R3 and R4 (if necessary) until IC] 
just does not toggle. Finally, test the tem- 
perature stability with a small blow lamp. 

The IRF9530 only needs a heat sink if 
the input voltage exceeds 6.25 V. 

The circuit is intended for use with 
input voltages from NiCd or low-capacity 
lead-acid batteries, which provide an in- 
herently stable voltage. Therefore, the cir- 


FLUID LEVEL INDICATOR 


The fluid level indicator may be used, for 
instance, in the fresh water tank on board 
yachts, or in mobile homes or caravans. 
The drivers in [Cl and IC2 are darling- 
ton transistors (of which the ULN2803 has 
eight and the ULN2003, seven). The base 
of each of these is connected to a sensor, 
formed by a carbon rod, or a strip of alu- 
minium or copper. These sensors are fitted 
at the appropriate level in the fluid vessel. 
The 15 LEDs ate the outputs of the 
drivers are arranged to display a bar that 
provides an easy-to-read fluid level indica- 
tor when SI is pressed. Because of the rela- 
tively high current drain (about 300 mA) 
and the limited capacity of the battery on 
board the yacht or vehicle, it is strongly 
advisable not to use the indicator continu- 
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PARTS LIST 


Resistors: 
R1i-R1i5 = 10k 
R16—R30 = 560 2 


Miscellaneous: 
$1 = push-to-make button switch 
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Semiconductors: 

D1i-D15 = LED, 3 mm dia., red 
IC1 = ULN2803 

IC2 = ULN2003 
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cuit does not contain any ripple suppres- 
sion components. Furthermore, large vari- 
ations in current are compensated only 
slowly. These small drawbacks may be 
avoided by the use of a standard reference 
and a faster opamp in the IC2 position. 
That will, however, result in an increase in 
current, which in the circuit as shown is 
only 45 WA. a 

(PMI application) 


ously (this would also cause rapid erosion 
of the sensors). 

Since the ULN drivers are capable of 
supplying a peak current of up to 500 mA, 
one or more of the LEDs may be replaced 
by a relay, small buzzer, or other means of 
providing an audible warning for too high 
or too low a fluid level. 

The ULN 2003 and ULN2803 may be 
replaced by similar devices from the same 
family of power drivers, for instance, the 
ULN2005 and ULN 2805, or the ULN2001 
and ULN 2801. A word of warning if the 
2001 and 2801 are used: DO NOT CON- 
NECT any of the inputs of these devices 
direct to +12 V, since this is likely to de- 
stroy the relevant IC. a 

(D. Lorenz) 
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Described here is a maximum-level indica- 
tor that does not, or hardly, react to fast 
peak powers, It is intended to be driven by 
the output stages of an AF amplifier. 

The section based on T1 is a traditional 
voltage regulator for the incoming supply. 
The values of RI and R2 depend on the 
level of the supply voltage as shown in the 
table. The transistor does not need a heat 
sink, 

The remainder of the circuit consists of 
two identical sections for the left- and 
right-hand channels respectively. Only the 
left-hand channel section is discussed. 

The incoming signal is rectified by D4 
and D5 and then charges C4. This capaci- 
tor discharges via R5 and R6. 

Circuit ICla acts as a comparator and is 
connected as a Schmitt trigger. It compares 
the rectified input signal with a reference 
voltage that is set with P1, Diode D3 gives 
this voltage an offset of 0.7 V, which is nec- 
essary in view of the hysteresis of ICla. 
The hysteresis is determined by R6 and 
R7, but is reduced by the d.c. feedback net- 
work R8-R9. 

The LED is driven by an emitter fol- 
lower, T2. 

The opamp is a Type LM358, which has 
the advantage of performing well even if 
operating with an asymmetrical supply 
when the inputs are at earth potential. 

The signal input may lie between 
2 Vpp and 10 Vpp. The toggle level of the 
circuit is arranged with preset potentiome- 
ters. The hysteresis is 400 mV over the 
whole range. The circuit is triggered at the 
same level over the frequency range 100 
Hz to 15 kHz. 

The circuit reacts to short bursts (such 
as those from the kettle drum) only if their 


Almost all households have at least one 
infra-red remote control unit, be it for the 
viode or audio equipment. Unfortunately, 
it sometimes happens that the control does 
not fucntion properly and it is then diffi- 
cult to ascertain whether the receiver or 
sender is at fault. The detector described 
here can help by telling us whether the 
sender works or not, 

The IR light from the sender is detected 


AF OUTPUT LEVEZI INDICATOR 
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amplitude is at least 50 per cent higher 
than the trigger voltage. 

The single supply voltage may have a 
value of between +20 V and +60 V. Cur- 
rent drain varies between 10 mA (quies- 
cent) and about 50 mA when both LEDs 
light. a 

(A. Ferndown) 


INFRARED Defecror | 


by Tl, an IR photo transistor. When IR 
light falls on to T1, it switches on T2 and 
this results in the LED lighting at the 
rhythm of the IR signals. 

The brightness of the LED depends on 
the strength of the IR light falling on to T1 
so that the remaining capacity of the bat- 
teries may be estimated. 

Although a Type TIL81 is used here in 
the Tl position, virtually any IR photo 


Supply voltage 
20V 
30 V 
40 V 
50 V 


transistor is suit- 
able. 

Since the cur- 
rent through the 
LED is fairly 
small, it is advis- 
able to use a high- 
efficiency type. I 

(R. Systermans) 
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Rl 
330 Q, 1 W 
470 0, 1 W 
560 Q, 2 W 
680 Q, 6 W 
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A 4-to-16 decoder is eminently 
suitable for constructing a sim- 
ple four-position selector with 
integral debouncing of the 
switches. 

The circuit is a cunning de- 
sign that uses few components. 
The switches are connected to 
the inputs of the decoder via a 
resistor, an LED and a transis- 
tor. The transistor is in parallel 
with the switch, so that press- 
ing the button has effect only 
when the transistor is off. 

The transistors are driven 
by four outputs of the decoder 
via 1 k resistors. 

When _ the 
switched on, none of the tran- 


supply _ is 


sistors conducts, so that the in- 
puts of IC] are ‘1111’ and pin 
17 of the decoder is logic high. 
If in this situation one of the 
switches is pressed, the associ- 
ated input bit to IC] becomes 
logic low. This changes the 
input code and the output as- 
sociated with the switch goes 
high, that is, pin 16 for $1, pin 
15 for $2, pin 13 for S3 and pin 
8 for S4. 

The signal at the relevant 
output pin is used to switch on 
the transistor associated with 
the closed switch. From then 


01...08 = 1N4001 


5. 


— 
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T1...14 = BC557 


ELECTOR 


on, the transistor assumes the 
task of the switch, so that this 
may be released. This condition 
is indicated by the relevant 
LED. 

If one of the other switches 
is then pressed, the input code 
to IC] contains two zeros. This 
actuates a decoder output that 
is not fed back to the transis- 
tors. The conducting transistor 
is then switched off, which re- 
sults in the decoder input code 
changing once again, but this 
time to the correct code associ- 
ated with the currently pressed 
switch. The decoder output as- 
sociated with that switch then 
goes high and switches on the 
relevant transistor, which as- 
sumes the task of the switch. 

The outputs of the circuit 
may be used, perhaps via an 
additional amplifier, to actuate 


four relays. 
The current drawn by the 
circuit is determined primarily 


by the LEDs: as shown, the cir- 
cuit draws about 10 mA, ps 
(H, Sntits) 
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It happens 
that a circuit powered by 
a single supply voltage is 
extended and then needs 


frequently 


a second supply voltage 
of opposite polarity to 
that already available. 
That requirement can be 
met by the circuit des- 
cribed here. 

Normally, an auxiliary 
negative voltage would 
be provided by _half- 
wave rectification by Cl, 
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D1, D3, and C3, but it is better to use full- 
wave rectification, because of the higher 
current and smaller ripple, and that is ef- 
fected by the addition of C2, D2 and D4. 

In the diagram, bridge rectifier D5-D8 
and smoothing capacitor C4 provide the 
existing positive supply voltage. The 
added components provide a negative 
voltage at practically the same level as the 
positive supply, but that depends on the 
value of Cl and C2 and the current re- 
quired. With values as shown, the negative 
supply can provide up to about 200 mA. 

It should be noted that in this type of 


S 16 


circuit the current drawn from the positive 
supply must always be larger than that 
from the negative supply. If the positive 
supply is not loaded, the negative supply 
can not provide any current! Note also 
that in the diagram R1 and R2 are the re- 


Resistance checks on suspect transistors 
normally fail to provide a conclusive an- 
swer as to whether the transistor is all 
right or defect. Moreover, such checks 
mean that the transistor must be removed 
from its circuit and connected in six differ- 
ent ways, that is, b-e test, b-c test and c-e 
test, each two times with reversed meter 
polarity. 

The tester presented here allows the 
transistor under test (TUT) to remain in 
circuit, provided the circuit has relatively 
high resistance values. 

The tester ts suitable for p-n-p as well 
as n-p-n transistors and also accepts dar- 
lingtons, The selection between p-n-p and 
n-p-n is made by reversing the supply 
voltage with 82, 

When the necessary connections are 
made, the transistor under test forms part 
of a collector-coupled astable, The transis- 
tor is almost certainly all right if it enables 
the astable to oscillate at about 2 kHz, 
which is indicated by buzzer Bz1. It 
should, however, be noted that transistors 
with relatively low current gain may pass 
this test and still be defect. 

The small size of the printed-circuit 
board, and the use of two series-connected 
1.5 V batteries allow the tester to be 
housed in a compact case. Connections to 
the TUT are by means of flexible test leads 
terminated in small crocodile clips. 

In operation, the tester draws a current 
of about 20 mA. uw 

(J. Ruffell) 


This circuit enables the input voltage of a 
power supply to be adjusted in accordance 
with the required output voltage to elimi- 
nates undue power dissipation in series 
regulators. This is achieved by monitoring 


POWER 3 


spective loads, not actual resistors. 

If it is required that the current from 
the negative supply is greater than that 
from the positive rail, the circuit should be 
inverted. The bridge rectifier should then 
provide the negative voltage and the addi- 


INEXPENSIVE TRANSISTOR TESTER 


tional components, the positive voltage. 
All diodes and capacitors should also be 
inverted. a 

(K. Walters) 
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PARTS LIST 
Resistors: 
Ri, R2 = 220 22 
R3-R6 = 1k 


Capacitors: 
C1, C2 = 560 n 


Semiconductors: 
T1 = BC547B 
T2 = BC557B 


Miscellaneous: 

$1 = miniature push- 
button 

$2 = miniature DPDT 
switch 

Bz1 = passive piezo- 
ceramic buzzer 
Type PKM11-4A0 

2 batteries, 1.5 V 


904005 + 41 


SUPPLY INPUT ADAPTOR 


the output voltage andaltering the unregu- 
lated input voltage as necessary with the 
aid of two relays. 

The sensing input, derived from the 
positive supply terminal, is applied to po- 


cooroe 


tential divider P1-R1-R2-R3-R4, Compara- 
tors ICla, IC1b and ICle detect respec- 
tively when the voltage at the relevant 
junction of the divider is 1/4, 1/2 or 3/4 of 
the maximum sensing input set with PI, 
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Fig. 2a. 


The voltage drop across diode DI serves 
asa Q.7 ¥ reference, 

Double-pole relay Kel is energized (a) 
when the output of [Cla is high and that 
of ICT is low, and (b) when the output of 
ICle is high. 


A joystick is an indispensable aid with 
most computer games. Apart from the 
stick that enables movement to the left, the 


IC1=4011 
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Fig. 2b. 


IC1 =LM324 
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Fig, 2c. 


Condition (a) pertains when the output 
voltage of the supply is between 1/4 and 
1/2 of its maximum value, while (b) oc- 
curs when the output voltage is greater 
than 3/4 of its maximum value. 

When [Cla is the only opamp whose 


REPEATING “Flee” 


right, upward and downward, the unit 
also contains one or two “fire” buttons. In 
some games, there is a lot of firing to be 
done, and this means contin- 
uous pressing and releasing 
of the fire button. 

To prevent your getting 
a “tennis thumb” or “tennis 
finger”, it is advisable to use 
the circuit presented here, 
which provides automatic ac- 
tuation of the “fire” button. 

Two gates of a Type 4011 
chip, ICla and [C1b, form an 


BUTTON 
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output is high, the +ve input of IC1d is 
held at half the supply voltage. Since in 
that condition the -ve input is at 1/3 of the 
supply voltage, ICld toggles and this 
causes Rel to be energized. 

If the output of ICTb also goes high, the 
-ve input of ICld becomes 2/3 of the sup- 
ply voltage, the comparator returns to its 
original state and Rel is de-energized., 

When the output of ICle also goes 
high, ICld toggles again and the relay ts 
re-energized. 

To prevent unwanted voltage dips 
when the circuit switches between the taps 
on the secondary winding of the supply 
transformer, it is better to use two relays as 
shown in Fig. 2b. This arrangement has 
advantages over that in Fig. 2a in which 
one relay controls four contacts. An even 
better arrangement is shown in Fig, 2c, 
since that obviates the use of a DPDT 
relay. Note, however, that a mains trans- 
former with two separate separate sec- 
ondary windings is required. 

Preset Pl is adjusted to give the re- 
quired supply output at which the relay is 
actuated. Switching levels of 10 V, 20 V 
and 30 V, for instance, are obtained with 
P1 set toa value of 125 kQ2, 

The adaptor is particularly suitable for 
use with fairly large power supplies, for 
example, 40 V, 5 A types. The fourfold re- 
duction in the unregulated input voltage 
results in a decrease in dissipation from 
200 W to 50 W. 

The adaptor draws a current of 5 mA, 
excluding that required by the relay(s). M 

(K, Walters) 


astable multivibrator, whose frequency is 
varied with Pl. The generated square 
wave pulses are applied to the “fire” but- 
ton via gate ICle, which is connected as a 
buffer. 
Power for the circuit is derived from 
the computer via D1 and C1, 
The cireuit is small enough to be 
housed in the base of the joystick. a 
(K, Nischalke) 
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The “MIDI signal redistribution” unit we 
published in May 1987 (p. 22) has even 
more possibilities than we thought at the 
time. 

If the redistribution unit is used to the 
full, there is a veritable mass of intercon- 
necting cables. Any changes, and a num- 
ber of cables have to be rerouted. There is, 
however, a way of avoiding a4 lot of this 
work, as will be described here. 

Requirements are: one MIDI redistribu- 
tion unit and four two-pole, four-position 
switches. Connected as shown in the dia- 
gram, these make it possible to intercon- 
nect four MIDI instruments in a variety of 
ways without a vast number of cables, As 
a bonus, far fewer DIN connectors are 
needed than for the original set-up. 

In the preset circuit, the redistribution 
unit is used as a four-way throughput. The 
original switches, Sl and $2, are not re- 
quired: they are replaced by a simple wire 
link between contacts M and 1. A wire link 
is also required between ‘2' and ‘3’. The re- 
mainder of the wiring is as shown in the 
present diagram. 

From each quarter of the unit, cable 
connections run to the switches in the 
other quarters. Since the outputs of the 
quarters carry the same signals, it does not 
matter which switch is connected to a par- 
ticular output, This is the reason that the 
connections are shown as a ‘bus’, in spite 
of their being called ‘4’ or ‘5’ (that is, the 
pin numbers of the DIN connectors), The 
result is a much clearer circuit diagram. 

A summary of the properties of the cir- 
cuit is therefore: 

* each MIDI output may be connected to 

the inputs of the other instruments; 

* each input may be switched off; 

* on each instrument, a MIDI output re- 

mains externally available. a 
(f. Blankaert) 


The design of this meter is in direct re- 
sponse to the intention of most electricity 
generating boards in Europe of standardiz- 
ing on a mains voltage of 230 V, 50 Hz. The 
change from the current 220 V or 240 V 
(mainly UK and Eire) will be made gradu- 
ally during the present decade. 


MIDI SIGNAL REDISTRIBUTION REVISITED 
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MAINS VOWAGE METEs 


The instrument provides an accurate 
indication of the mains voltage on an ana- 
logue meter, the scale of which ranges 
from 210 V to 230 V or from 230 V to 250 V, 
depending on the current mains voltage. 
This means that the current mains voltage 
is read at the centre of the scale. Once the 


mains voltage in your locality has been 
changed to 230 V, it will be a simple matter 
of adjusting the scale appropriately. 

A 50 wA moving-coil meter is con- 
nected between two voltage sources. One, 
the reference, is divider R1-C1-R2-D1. The 
other, divider R5-R6-P1-P2, is variable and 
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PARTS LIST 
Resistors: 
Rl = 470Q 
R2 = 4M7 
R3 = 2209 
R4 = 27k 
R5 = 100k, 1.5W 
R6 = 8k2 
Pi = 10k preset 
P2 = 2k5 preset 


Capacitors: 

G1 = 100 nF, 400 V 
C2 = 100 uF, 10 V 
C3 = 22 uF, 350 V 


Semiconductors: 

D1 = zener diode, 47 V, 1 W 
D2 = 1N4007 

D3, D4 = 1N4148 


Miscellaneous: 

M1 = 50 pA moving-coil meter 
K1 = 3-way PCB terminal block 
Enclosure, ABS, e.g., Bopla 
SE432DE 


is used for calibration, 

Resistor RI protects zener diode D1 by 
limiting the charging current of Cl to a 
safe value when the circuit is first con- 
nected to the mains. 

Both voltage sources provide half-wave 
rectification of the mains voltage. 

The value of capacitor C2 determines 
the meter response to relatively fast varia- 


The divider is based on a dual hex counter 
‘Type 74HCT393 and two 4-bit comparators 
Type 741 1CT85. The division factor is set be- 
tween 2 and 256 with two hex thumb-wheel 
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tions of the mains voltage. Its value may 
lie between 20 uF and 220 uF. Since the ref- 
erence voltage is not a direct voltage, a 
change in the value of C2 may require the 


circuit to be readjusted. 
The circuit may also have to be read- 


VARIABLE DIVIDES 


switches. 

The signal to be divided is aapplied to 
the clock input of the first counter, 1C2a via 
ICla. The outputs of the counter are com- 
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WARNING 

Since the circuit carries danger- 
ous voltages at many points, 
great care must be taken in pro- 
viding the necessary insulation. 
Never work on the circuit while 
it is connected to the mains. 
Observe all precautions in re- 
gard of electrical safety and 
make sure that no part of the 
circuit can be touched while it is 
being aligned or operated. The 
entire circuit, including the 
meter, must be housed in a suit- 
able ABS enclosure. 


justed after a time to compensate for the 
drift caused by the heat generated by D1 
and R95. Since R5 is located quite close to 
R4 on the PCB, it may in some cases be 
necessary to use a 27k4 metal film typre- 
sistor in the R4 position, 

Connect a variable transformer to the 
input of the circuit and set its output to the 
minimum expected mains voltage, that is, 
210 ¥ or 230 V (UK and Eire). Adjust P2 
until the meter reads 0 WA. Next, increase 
the transformer output to the maximum 
expected mains voltage, that is, 230 V or 
250 V (UK and Eire), Adjust P1 until the 
meter reads 50 UA. 

The circuit may be aligned without the 
use of a variable mains transformer by 
connecting the primary of a mains trans- 
former with an open-circuit secondary 
voltage of about 10 V to the mains, and the 
secondary winding in series with the 
mains. When the voltages across the sec- 
ondary and primary windings are in 
phase, a total voltage of 230 V or 250 V 
(LK and Eire) is obtained. When the con- 
nections of the secondary winding are re- 
versed, 210 V or 230 V is obtained. In both 
cases, either P1 or P2 should be adjusted 
as described when a variable mains trans- 
former is used. 

It is recommended to provide the 
meter with indication marks at, say, 10 V 
increments, a 

(T. Giffard) 
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pared by IC4 with the setting of the first 
thumb-wheel switch. When the data at the 
Q inputs and P inputs are identical, the = 
output of IC4 becomes logic high, provided 
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that the = input (pin 3) is high, which here 
is always the case. 

The = output (pin 6) of IC4 is linked to 
the = input of IC5, so that the comparator 
output of this IC can be high only when 
the data at the inputs of IC4 are identical. 

The tnput signal is combined via the 
OR gates in IC3 with the outputs of IC2a 
in a way that arranges for the second 
counter, IC2b, to receive a clock pulse 
when [C2a has counted to 16 (and has thus 
returned to zero). 

Circuit [C5 compares the content of 
IC2b with the position of the second 
thumb-wheel switch. Only when both 
comparators have identical inputs, that is, 
when the position of the counters corre- 
sponds to the setting of the two thumb- 
wheel switches, does a ‘I’ appear at pin 6 
of ICS. 

The counters are then reset via ICTb 
and IC le, after which the counting and 
comparing can start afresh. 

When pin 6 of [C5 is high, the output 
of the divider is a positive pulse whose 
width is equal to half the period of the 
input signal, irrespective of the set di- 
vide factor. Therefore, the output signal 
is not symmetrical. If symmetry is re- 
quired, a D-type bistable should be 
added at the output. The divider output 
then serves as the clock for the bistable 
(Q output linked to the D input). Re- 
member, however, that the bistable di- 
vides the signal by 2. 

When, after the counters have been 
reset, the input signal becomes low, it 
would be expected that the second 
counter is immediately set to 1’. This is 
prevented, however, by the still active 
reset section . 

The highest counter position is 256 and 
that is reached when both thumb-wheel 


This simple bedside light is suitable for 
telling the time at night, findings one's 
way to the door, and so on. 

It is based on the well-known CMOS 
Type 7555 timer, connected as.a monos- 
table, whose time constant, T, with values 
as shown gives a delay of about 5 minutes 
before the light goes out. Different delays 
may be calculated from 

T = 0.69 RIC [seconds] 
where RI is in ohms and C1 in farads. 

Resistors R2 and R3 serve as pull-ups 


IC1 = 74HCT132 
IC2 = 74HCT393 
IC3= 74HCT32 


switches are set to 0. Both counters then 
go their entire range, 

It is possible to extend the divider by 
adding one or more stages consisting of 
a counter, comparator and thumb-wheel 
switch, and connecting, this (them) to the 


LIGHT WiTrl AUTO OFF 


on the trigger and reset pins respectively. 

Touch pads are used to trigger the 
monostable or to reset it before the time 
delay has lapsed. 

The output of the timer drives T1 via 
R4. The transistor can switch up to 250 mA 
without needing a heat sink, 

Depending on the application, higher 
or lower wattage bulbs may be used, but 
bear in mind the cost of the batteries! 

Standby current of the prototype was 
35 WA at a supply voltage of 4.5 V. a 

(R.G, Evitns) 
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preceding counter via the four OR gates. 
The reset signal must, of course, always 

emanate from the last stage. 
The thumb-wheel switches may be 
replaced by standard DIL switches. 
(H. Suiits) 
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The adjustable flashing rate and low off- 

state current drain make this circuit emi- 

nently suitable for use as an on-off indica- 

tor where battery power is at a premium, 
| or as a fake car alarm. 

Transistors Tl and T2 form a relaxation 
oscillator whose frequency may be set be- 
tween 1 Hz and 10 Hz by P1. 

The LED has an on-time of about 3 ms, 
so that it may draw a relatively high cur- 
rent to produce intense flashes. 
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THRIFTY FLASHING LzD 


Because of the low duty factor, 0.005 at 
1 Hz and 0.05 at 10 Hz, the average cur- 
rent drawn by the circuit is between 
0.1 mA and 1 mA ata supply voltage of 12 
V. This compares favourably with special 
high efficiency flashing LEDs that typi- 
cally require an average current of 2 mA, 
depending on their series resistor. 

The circuit may be operated from sup- 
ply voltages between 6 V and 25 V. 

Resistor R6 and transistor T3 should be 


PARTS LIST 

Resistors: 

R1 = 4M7 

R2=10M 

R3 = 470 Q 

R4=10k 

RS = 680 k 

P1 = 5M, preset pot meter 


Capacitors: 
C1=22n 
C2 = 220n 


Semiconductors 

D1 =LED, 5 mm, red 
T1 = BS170 

T2 = BC560B 

T3 = BC516 


Miscellaneous:K1 = 3-way 
PCB terminal block 


SYABLE SINE WAVE OSCILLATOR 


Sine wave oscillators normally generate 
near-perfect sine waves, but the stability of 
their output signal is often not very good. 
The circuit presented here is aimed at im- 
proving the stability. 

The improvement is brought about by 
limiting the fed-back output signal by two 
series-connected zener diodes, D1 and D2. 

The oscillator proper consists of two 
sections: IC1, R1, R5, C1 and C2 form a sec- 
ond-order low-pass filter, while [C2 is con- 
nected as an integrator. 

The sinusoidal output signal of IC2 be- 
comes trapezoidal after the limiting action 
and is then applied to the low-pass section. 
This means that the amplitude of the fed- 
back signal is constant, so that the peak 
value of the sine wave output of the oscil- 
lator is also constant. 

The circuit provides two sine wave out- 


omitted, and a wire link fitted between ‘A’ 
and ‘B’, if the circuit is used as an ‘on’ in- 
dicator. 

In the fake car alarm application, T3 is 
switched off when the contact key, Sk, is 
closed. The oscillator then draws a current 
of not more than 2 WA and the LED does 
not flash. When Sk is opened, T3 draws 
base current via R6, starts to conduct and 
actuates the oscillator. | 

(J. Ruffel)) 
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puts at A and B respectively that are mutu- 
ally 90° out of phase. The waveform at out- 
put B is slightly purer than that at A. 

The third harmonic is about 40 dB 
down on the fundamental. 

With values as shown, the circuit gener- 
ates a signal at a frequency of 3.3 kHz with 
a peak-to-peak value of 11 V. The fre- 
quency may be altered by changing the 
values of Cl, C2 and C3 proportionally. 

The circuit draws a current of 3 mA ata 
supply voltage of 15 V. a 

(National Semiconductor application) 


This circuit behaves like a real 
mosquito: as soon as it gets 
dark, it begins to buzz irritat- 
ingly. As soon as it gets light, it 
becomes mute once more, so 
that, again like a real mosquito, 
itis very difficult to pinpoint. 

The potential at input 2 of 
ICla determines whether the 
mosquito hums or not. The level 
of this voltage depends on the 
resistance of photovaristor R1 
and the setting of P1. If the level 
is higher than the trigger thresh- 
old, pin 3 goes low, which 
causes C3 to charge via R3. 

It takes about 90 seconds for 
C3 to become fully charged and 
during this time pin 6 of IC1b is 
high, As soon as the voltage at 
this pin drops below the lower 
threshold of IC1b, the output 
(pin 4) of the gate goes high. 
This results in IClc commencing 
to oscillate. A square-wave sig- 


Siemens' Type PID20 is a passive infra-red 
detector that transforms heat radiation into 
electrical pulses. Adding two opamps and 
some miscellaneous components to the de- 
vice is sufficient for the construction of a 
efficient infra-red (IR) detector. 

The magnitude of the output signal of 
the PID20 is determined by the load at its 
pins 3 and 4 as illustrated in Fig. 2 that 
shows the output at loads from 1 kQ to ee. 
From the curves, it is clear that a reason- 
ably high load is needed for a good output 
signal. In the circuit, both output pins are 
loaded by 100 kQ@ (RI at pin 3 and R3 
shunted by R4 at pin 4). 

The output signal at pin 3 is compared 
with a reference voltage equal to half the 
supply voltage. This reference voltage is 
derived from potential divider R2-R3-R4- 
R5. The output increases at the approach of 
an object that is warmer than the sur- 
roundings or at the removal of an object 
colder than the surroundings. Note the 
ringing in Fig. 2 after a change in sur- 


IC1 = 4093 
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INFRARED DETECTOR I] 


roundings has taken place. The sudden ap- 
pearance of a warm object causes the out- 
put voltage first to rise and, after a few sec- 
onds, to drop, sometimes even below the 
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see text 


nal is then produced at the out: § 
put of the oscillator, which is buf- | 
fered by ICld and then applied [ 
to the buzzer. The buzzer oper- £ 
ates as long as T2 is switched on. | 
The output of the oscillator is : 
used also as a clock for 14-bit bi- | 
nary counter IC2. The consequent 
signals at outputs Q7, Q9 and 3 
Q11 of this circuit are added to- | 
gether and used to drive T2. The | 
whining tone is therefore not { 
continuous but totally random, + 
This random signal is used also 
by T1 to influence the output of i 
IClc to a small extent. 
As soon as it gets light, the 
potential at pin 2 of ICla drops, ° 
which results in C2 discharging | 
rapidly via D1 and R4, so that the | 
oscillator ceases at once. 
The circuit draws a current of | 
only 2-5 mA, so that a 9-V bat- 
tery will last for quite some time. 
(J. Beckers) 


reference voltage level. This behaviour 
needs to be taken careful account of in 
practice. 

The change in voltage at the output of 


904064 - 14 


ELEKTOR ELECTRONICS JULY/AUGUST 1990 


A=oautput signal alla 

B = object warmer than environment 
€ = abject colder than environment 
0 = IResignal at |= 7m 

E = storage oscilloscope 


There are many ways of designing an ana- 
logue-to-digital converter: the present de- 
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A=3I7 8CD FLASH CONVERTER 


sign is aimed particularly at a high speed. 
The speed is determined primarily by the 


IC1...1C3 = LM339 
Ics = 74HCTO4 


Ic2 IC3 ICS 
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the sensor is compared by [C2a and IC2b 
with voltages respectively 0.5 V below and 
0.5 V above the reference voltage. Depend- 
ing on the output level, one of the com- 
parators toggles and switches on T1. This 
transistor may be used, for instance, to 
drive a relay (up to 100 mA). It is also pos- 
sible to connect a transistor (and diode) to 
each opamp, so that it is immediately seen 
whether a source has caused an increase 
or decrease in heat. 

As shown, the circuit draws a current 
of about 1 mA (of which roughly 0.2 mA is 
on account of the sensor). The current 
drain may be reduced by replacing the 
TLC272 by a TLC27L2. 

The sensor should be fitted by means 
of a special connector (ask your dealer). Hi 

(Siemens application) 
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reaction time of comparators (here about 
1 ws). The design has a drawback: the 
number of components is direcly propor- 
tional to the number of levels that the con- 
verter can cope with. In the present design, 
this is limited to ten (if none of the com- 
parators detects the exceeding of a level, 
the input is below the lowest level, and 
this is recognized as zero [10th level)). 

The open-collector outputs of the com- 
parators are connected to a priority detec- 
tor, IC4, which is a kind of decimal-to-BCD 
decoder. If, however, several inputs are 


lp 
| fi 


low at the same time, priority is given to 
that BCD code that corresponds to the 
input with the highest number. Four NOT 
gates invert the BCD code generated by 
IC4, 

Because the comparators have open- 
collector outputs, they can work from a 
higher supply voltage than IC4 and IC5. 
Pull-up resistors R11—R19 must, therefore, 
be connected to the +5 V rail and NOT to 
the comparator supply rail. 

The voltage levels with which IC1-IC3 
compare the input level are provided by 
potential divider R2-R10. 

The input range of the converter may 
be modified by changing the value of R1. It 
should be noted, however, that the upper 
threshold, that is, the level at pin 5 of IC1, 
must always be at least 2 V lower than the 
supply voltage, With values as shown, and 
a supply of 12 V, the upper threshold is 
5.68 V and each step is 632 mV. a 

(P, Coster) 
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Although the multimeter whose circuit is 
shown here is fairly simple to make, you 
may experience difficulties in obtaining 
some of the components, since most retail- 
ers do not stock 99 MQ or 100 MQ resis- 
tors. It then becomes matter of making up 
these resistors or omit the associated (cur- 
rent) ranges. 

The use of these high-resistance com- 
ponents is made possible by the use of a 
Type TL061 opamp, which has very high- 
resistance inputs. 

For the voltage ranges, the opamp is 
connected as a non-inverting amplifier 
with an ampliciation of 1+R12/R13=10. Tf 
the meter has a full-scale deflection (f.s.d.) 
of 6 V, the input sensitivity is 600 mV. 
Input attenuator R1-R4 provides addi- 
tional ranges up to 600 V. 

When the meter is used to measure 
current, the unknown current will flow 
through one of the resistors R7-R10, de- 
pending on the selected range. Since the 
value of these resistors is much higher 
than that of R13, the output voltage is 
equal to 10x the potential drop caused by 
the unknown current across R7—R10. With 
the values as shown, this gives current 
ranges of 6 nA, 60 nA, 600 nA and 6 WA. 
These ranges are fairly small, but that is 
because the opamp can not deliver more 
current and also, in order to keep the cir- 
cuit simple, R7-R10 must be much larger 
than R13. Note that these resistors have 
nothing to do with the input resistance of 
the instrument. The I+ terminal is at earth 
potential and the | terminal is a virtual- 
earth point: that results in a very low-re- 
sistance input (as should be the case). 

Apart from the unknown current, the 


In much equipment, such as computers, 
amplifiers, and the like, where high toler- 
ance components are used, it is important 
to know at all times whether the supply 
voltage is within specification. The circuit 
presented here was designed to show just 
that. It does so by comparing two d.c. volt- 
ages. As soon as there is a difference of 
more than 10 mV between these, the indi- 
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METER RANGES 
~0.6—0-—+0.6 V 
~6.0-0-+6.0 V 
~60—0-—+60 V 
-600—0-—+600 V 
~6.0—0-—+6.0 nA 
—-60—0—+60 nA 
-600—0-—+600 nA 
~6.0—-0-+6.0 WA 
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input offset current of the opamp also 
flows through R7-R10. To eliminate the ef- 
fect of this current (some nA) in the most 
sensitive range (R7), resistor R5 has been 
added. 

Since a centre-zero meter and symmet- 
rical supply were used, the polarity of the 
input signal does not matter. The meter is 


SUPPLY YVOUAGE MONITOR 


cator LED goes out to signal that some- 
thing is amiss. It is, therefore, necessary to 
use a very accurate reference voltage, cor- 
responding to the required voltage level. 
Circuits ICla and IC1b form a differ- 
ence amplifier: the voltage to be monitored 
is applied to input I and the reference volt- 
age to input 2. Differences between these 
two potentials as small as 10 mV are suffi- 


904025 - 11 


set to zero with PIL. 

Resistor R6 and diodes D1 and D2 
serve to protect the opamp against too 
high input voltages. 

The supply is formed by two 9-V bat- 
teries that, since the current drain is less 
than 1 mA, will last a long time. a 

(Texas Instruments application) 


cient to cause one of the two comparators, 
ICle or IC1d, to toggle. 

The output of ICld goes high when the 
voltage level at input | is 10 m¥ or more 
greater than that at input 2, Comparator 
ICle toggles when the voltage level at 
input 1 is 10 mV or more lower than that at 
input 2. The indicator LED is switched off 
via diode D1 or D2, as the case may be, 
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The tiny a.f. power amplifier pre- 
sented here provides an output of 
up to 250 mW and may be used in 
a number of applications, for in- 
stance, In a stereo version as a 
booster for personal radios, 

The design is straightforward: a 
BC547 transistor drives a balanced 
power amplifier consisting of a 
BC337 and a BC327, 

The quiescent current is ar- 
ranged by diodes D1 and D2. 
Owing to the simplicity of the cir- 
cuit, the quiescent current varies 
with temperature. This drawback is 
particularly noticeable when the 
output transistors get much hotter 
than the diodes. In that case, either 
the output power has to be reduced 
or the output transistors must be 


The 50/75 @ driver is based on a Type 
OPed4, which was designed specifically for 
use in pulse and video applications. Be- 
cause of internal compensation, the IC is 
stable at amplification factors of 5 or 
greater. Since the output can deliver a cur- 
rent of up to 80 mA, the IC can be loaded 
by 150 Q (i.e., a 75 Q system) with a supply 
voltage of £15 V without limiting taking 
place. 
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IC1=TLO84 


15V 
C1 
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1N4148 
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and transistor TI. 

The level of the supply voltage to the 
circuit is not important: it may be +10 ¥ or, 
as here, +15 V. The important thing is that 
the input voltages are always at least 1.5 V 
lower than the supply voltage. Thus, if a 
+10 V supply is used, the input voltages 
must lie between -8.5 V and +8.5 V. This is 
to prevent the common-mode suppression 
becoming too small for the opamps to 
handle the signals. 

The 100 kQ resistors must have a toler- 
ance of not more than 1%, again to prevent 
the common-mode suppression of the 
opamps from being degraded. 

The current drain of the circuit is 
25 mA for a supply voltage of 15 V, | 

(K. Walters) 


T112.73 
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50/75-OHM DRIVER 


The circuit in Fig. 1 is intended as a 
simple output amplifier in a 75 Q system 
or, if the value of R1 is changed, as an 
impedance adaptor. With the values of R2 
and R3 as shown, the amplification is 5. 
The bandwidth depends to a large extent 
on the board layout. According to the man- 
ufacturers' data, the roll-over frequency , at 
this level of amplification, may be as high 
as 20-30 ME Iz. 


fitted on heat sinks. Another solu- 
tion is inserting 0.47 @ resistors in 
the emitter circuits of the output 
transistors, 

The amplification is determined 
by the values of RI and R3 and, of 
course, Pl. With values as shown, 
and dependent on the setting of P1, 
the amplification is about 15. This 
may be varied by changing the 
value of R1. It is not recommended 
to alter the values of R2 and R3, 
since these resistors determine the 
d.c. operating point of the amplifier. 

The input sensitivity for a power 
output of 250 mW into 8 Q and an 
amplification of 15 is about 95 mV, 
The circuit then draws a current of 
around 180 mA. | 

(P. Caster) 


The circuit in Fig. 2 is intended to cou- 
ple a 75 @ system to a 50 Q system. The 
gain in this set-up is 0.5 dB. Potential di- 
vider R4-R5 ensures an output impedance 
of 50 Q and attenuates the output of IC1 
(=5x input signal) to make the overall am- 
plification unity. At the same time, R4 en- 
sures that the load on the OP64 does not 
become too large in a 50 Q system. 

The OP64 is very fast: with an amplifi- 
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C1,C3 = ceramic 


Fig. 1. Simple output amplifier or impedance adaptor. 
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Fig. 2. Converter for coupling a 75 {2 system'to a 50 ©2 system. 


cation of 5, the slew rate at a leading edge 
is about 135 V/s and at a trailing edge, 
around 120 V/us. There is then some 
overshoot, but that disappears when the 
amplification is increased to 10. 

At higher frequencies, the output impe- 
dance of the OP64 increases to some ex- 
tent: to about 20 Q at an amplification of 
x10. The impedance may be increased to 


The driver described here allows up to 
four monitors for IBM PCs or compatibles 
to be driven by a single display adaptor 
card. This card and associated monitors 
must be types that operate with TTL (digi- 
tal} signal levels, such as: 
* CGA—colour graphics adaptor, 
* Hercules card-—monochrome adaptor; 
* EGA—enhanced graphics adaptor. 
Applications of the circuit may be 
found in teaching computer science, PC 
slide shows, presentations and demonstra- 
tions, 
The circuit consists of four octal three- 
state buffers Type 74HC541: IC1-IC4. The 
TTL levels from the computer are applied 


to about 2 kQ via the disable pin 6 (which 
is active low). This is a handy way of lim- 
iting the current drawn by the IC. The nor- 
mal current drain is 6-6.5 mA, but in the 
disable condition this reduces to about 0.5 
mA for the positive half and around 0.12 
mA for the negative half. 

According to the data sheet, the IC is 
protected against short circuits for about 


FOUR-MONITOR DRIVER FOR PCS 


to the inputs of the (permanently enabled) 


buffers via connector K5, which is a 9-way 
sub-D male type. 

The signals carried by this connector 
depend on the display adaptor card used 
in the PC as shown in the accompanying 


10 seconds, so care must be taken that no 
lasting short circuits or overloads occur. 

In a board layout of the circuit, the cur- 
rent through the load must not return via 
the input earth, but via a common earth, to 
which the decoupling capacitors should 
also be connected, a 

CE. Giffard) 


PARTS LIST 
Resistors: 
Ri = 8-way SIL resistor array, 4k7 


Capacitors; 
Ci = 47 uF, 16V 
C2-C5 = 100n 


Semiconductors: 
01 = 1N4001 
IC1~1C4 = 74HC541 
IC5 = 7805 


Miscellaneous: 

Ki-K4 = 9-way female sub-D connector for PCB 
K5 = 9-way male sub-D connector for PCB 
Enclosure Heddic Type 222 
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table. The monitors are connected to fe- 
male 9-way sub-D connectors KI-K4. 
The circuit is powered by an on-board 
5 V supply based on the familiar Type 7805 
voltage regulator, IC5. The unregulated 
input to the supply may lie between 9 V 
and 15 V. The total current drain is not 
greater than 10 mA. a 
(F. Troneliet) 


Many people find that when they want to 
add a CD player to their audio system, 
there is no available input left on their 
power amplifier. It seems obvious to use 
the phono input, but that presents a cou- 
ple of problems. This input is far too sensi- 
tive for a CD player and, moreover, it 
passes the signal via an RIAA frequency 
correction network to the amplifier. The 
present network can solve both problems 
without any internal changes to the audio 
system, since itis merely plugged imto the 
phono input socket. 

The circuit is not much more than a fil- 
ter and an attenuator that reduces the out- 
put of the CD player (here assumed to be 


904070-11 


Fig. 1. 


CD-TO-C 


With the availability of portable CD play- 
ers, a need has arisen for a means of con- 
necting such a machine to the radio-cas- 
sette player now found in most private 
cars, Unfortunately, few of these players 
have a suitable line input. Hlowever, a CD- 
to-cassette adaptor will solve the problem. 
Although such adaptors are freely avail- 
able, it is fairly simple {and great fun) to 
make one yourself. 

To build the adaptor, you need an old 
cassette case (screwed together, not glued), 
a stereo cassette recording head, a stereo 
3.5 mm phono plug, some two-core 
screened cable, two 820 © resistors and 
two 15 nF capacitors (and some dexterity). 

Remove all tape guides and fastening 
strips from the recording head. Cut two 
20 mm long, 7 mm wide strips of thin tin 
plate and bend them at right angles about 


INVerss RIAA NETWORK 


200 mV) to 2 mV and has a frequency re- 
sponse that is exactly the opposite of that 
of the RIAA network. The resulting over- 
all frequency characteristic is straight 
within +1.5 dB. 

It is recommended to fit the circuit 
(left- and right-hand channels separately) 
in a suitable metal enclosure, since it is 
susceptible to hum and noise. This is 


caused by the high-impedance input of 


about 1 MQ at 50 Hz. The impedance de- 
creases to 100 kQ at 1 kHz, 10 kQ at 
10 kHz and about | k&2 for frequencies be- 
tween 100 Hz and 500 Hz. Because of the 
variable input impedance, it is important 


that the internal impedance of the signal 


TD ry 


source is not much higher than about 2 kQ | 
in order to keep the -1 dB point above | 
30 kHz (provided the main amplifier is of| 
reasonable to good quality). I 

Figure 2 shows the calculated fre-| ' 
quency response of the circuit, which is | 
identical to that of the recording amplifier. 
Figure 3 shows the overall frequency re: | 
sponse of an (idealized) audio system with ' 
the present network connected to the; 
phono input. 

For good results, all capacitors should 
be polystyrene types, and metal film resis: ; 
tors should be used in the R1 and R2 posi- 
tions. a 

CT. Giffard) 
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3 mm from each end. Drill a 3 mm hole 
near one end of the long part of the 
bracket so formed. Solder the brackets to 
the sides of the recording head as shown 
in Fig. 1; gently fasten the head in a small 
vice to prevent it getting too hot. 

Unscrew the cassette case and remove 
everything from the inside. With a small 
saw or sharp knife, remove the rib behind 
where the screening shield and pressure 
pad were. 

Drill 2 mm holes in the remaining ribs 
at the same distance as the holes drilled in 
the tin strips.Fasten M2x7 screws in these 
holes and slide appropriate insulating 
sleeve over the protruding screw-thread. 
Next, slide the recording head assembly 
(slot at the underside) over the insulated 
screw-threads, fit light springs (such as 
those from an old ballpen) over the 


10 MrlZ 


COMPONENT CHANGES 


Capacitors: 
C6, C9 = 2n7 


C7,C10=15n 


inductors: 
L2,L3 = 10 mH 
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Fig. 2. 


screw-thread and hold these in place with 
a nut (see Fig. 1). The springs will then 
push the recording head forward. 

The electronics are very simple as may 
be seen in Fig. 2. One resistor and one ca- 
pacitor form a low-pass filter for one chan- 
nel that interfaces between the CD player 
output and the frequency-dependent re- 
cording head. These components may be 
soldered direct to the head. Finally, the 
short cable is connected to the compo- 


REFERENCE 


The “High-precision DLF-based locked fre- 
quency reference” we published in the 
April 1989 issue (p. 48), derived its stabil- 
ity from the Deutschland Funk (DLF) long- 
wave transmitter operating on 153 kH~. It 
is almost certain that in many areas the 
French broadcast transmitter France-Inter, 
operating on 162 kHz, will give a much 
stronger signal. That is because France- 
Inter radiates 2000 kW, whereas DLF radi- 
ates 500 kW by day and 250 kW by night. 


FROM FRANCE-INTER 


nents, taken out of the cassette case via a 
small hole in one of the short sides of the 
case and then connected to the stereo 
phono plug. 

It pays to experiment with the setting 
of the volume control on the CD player to 
find which position gives the best repro- 
duction. @ 

(J. Ruffell) 
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The circuit published last year can eas- 
ily be modified for reception of the French 
station. The shaded areas in the block dia- 
gram indicate what changes are needed. 

The two figures showing sections of the 
original PCB indicate which connections at 
IC5 and [C6 must be cut and what new 
connections must be made. Furthermore, 
the table shows the changes in value of a 
number of original components. a 

(A.N. Offer) 
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An electric guitar with three single-coil ele- 
ments, the well-known Fender model, can 
furnish more facilities than the manufac- 
turers provided. A simple modification 
makes it possible to produce a real stereo 
signal or to connect one or more elements 
in anti-phase—see the circuit diagram. 

If the guitar is fitted with a 5-position 
switch, this must be replaced by four in- 
line miniature toggle switches, Switch S4 
determines the operating mode: upper po- 
sition = stereo; lower position = normal or 
with elements in anti-phase. 

Switches $1, 52 and 53 determine how 
the throat element, the central element and 
the bridge element are switched, although 
this is also dependent on the setting of S4. 

With S4 set to ‘normal/anti-phase’, the 
other switches function as follows. In the 
upper position, the relevant element is 
switched into circuit, in the centre position, 
the relevant element is inactive, and in the 
lower position, the element is in anti- 
phase. The phase shift is varied with P2. 

With S4 in position ‘stereo’, each ele- 


CTRIC 


GUNAR ENAANCEMENT 


ment is connected to the left-hand channel 
if the relevant switch is in the upper posi- 
tion, and to the right-hand channel if that 
switch is in the lower position. If the asso- 
ciated switch is in the centre position, the 
relevant element is inactive. In this condi- 
tion, P2 acts as the volume control for the 
right-hand channel. 

Potentiometer P1 is the volume control 
already fitted to the guitar (500 kQ or 
1 MQ log). Potentiometer P2 should have 
the same value as P1 and be fitted in the 
hole previously occupied by the tone con- 


El = throat element 

E2 = central element 

E3 = bridge element 

$1,52, 93: a = left-hand channel 


b = off 

¢ = right-hand channel or 
anti-phase 

a= stereo 


trol. It is, of course, possible to retain the 
original tone control, but an identical one 


must then be fitted for the second channel t 


ee 


J 


(in exactly the same way as the driginal | 


tone control}, 


The original jack connectors must be re- ' 


placed by stereo versions. When the guitar | 
is switched to stereo, it is connected via a | 
good-quality 2-core screened microphone . 


cable, terminated at each end ina stereo , 
jack. The left-hand channel is then avail- | 


able at the tip of the plug, and the right- 
hand channel at the ring. The channels 
may be separated by a stereo splitter and 
can then be transmitted via mono jacks 
and cables. When the guitar is switched to 
normal /anti-phase, a standard guitar cable 
may, of course, be used. 

The modifications described here were 
carried out on a Yamaha SC1000 and gave 
excellent results, They are particularly rec- 
ommended for good quality studio opera- 
tion. a 

(A. Ferndown) 
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# see text 


This simple design, consisting of a TLO71C 
driver and two MOSFET power ampli- 
fiers, can deliver up to 45 W into 8 Q. 

The design is basically a Siliconix ap- 
plication. The principle of this application 
is that the output transistors are driven by 
the voltage changes across two resistors 
inserted in the supply lines of the opamp 
driver. In other words, the currents drawn 
by the opamp determine the drive to the 
power amplifiers. Use is made of current 
feedback that is effected by connecting the 
output of the opamp to a potential divider 


RIGGS. 


The triggerable sawtooth generator pre- 
sented here is intended to convert an old- 
fashioned oscilloscope with only a syn- 
chronized time base to a modern triggered 
instrument. 

The circuit is straightforward: transistor 
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across the amplifier output. 

In the diagram, FETs T5 and T6 are 
driven by the potential differences across 
R8 and R13. Since the supply voltage is 
considerably higher than normal for a 
standard opamp, transistors Tl and T2 


have been inserted in the supply lines to 
the IC. These transistors are provided with 
a fixed base potential of +15 V by zener 
diodes D1 and D2. The supply voltage to 
the opamp, whatever its drive, is therefore 
always 14.4 V. 

Setting of the quiescent current is ef- 


io 


RASLE 


T1 is a current source that charges one of 
capacitors C1—-C4, depending on the posi- 
tion of switch $1, The linearly increasing 
voltage across the capacitor is compared 
with two reference voltages by ICla and 
IClb. The reference voltages are derived 


SAWTOOTH GENERATOR 


fected with the aid of T3 and T4. It is es- 
sential that T4 is coupled thermally to T5 
so as to ensure stability of the quiescent 
current. 

Transistor [3 draws its current via R&, 
and this ensures a correct operating point 
for T5. When the temperature rises, the 
base-emitter voltage of T4 drops; the cur- 
rent through T3 decreases; and the gate- 
source voltage of TS drops. The opamp en- 
sures equilibrium of the circuit, so that the 
current through T6 is also adapted as ap- 
propriate. The total current drawn by the 
amplifier is adjusted to about 75 mA with 
P1. The current drawn by the FETs is then 
around 70 mA. 

The presence of Tl and T2 makes the 
amplifier slightly slower than it would be 
without these transistors. However, the 
fairly large capacitors associated with the 
MOSFETs can only discharge via resistors 
R8 and R13. This results in an increase of 
the quiescent current at frequencies above 
40 kHz. Because of this, the bandwidth is 
limited to 20 kHz by C3. A resistor is con- 
nected in series with this capacitor to fur- 
ther improve the stability. 

The MOSFETs must be fitted on a heat 
sink of not less than 1 K/W. In contrast to 
the usual emitter or source follower, the 
configuration used here may be driven 
virtually up to the supply voltage, so that 
an efficiency of up to 70% may be attained. 
In the prototypes, cross-over distortion 
was not greater than 0.2% at 20 Hz (10 W 
into 8 Q). With a stable supply of +30 V, 
the amplifier can provide 45 W into 8 Q or 
70 W into 42. 

Note that the amplifier is not protected 
against short circuits. Check therefore at 
all times what load is connected to it be- 

a 
(T. Giffard) 


from potential dividers R3-R4 and R5-R6 
respectively. 

As soon as the voltage across the capac- 
itor reaches 5 V—the toggle level of ICla— 
bistable IC2a-IC2b is reset. Transistor T2 is 
then switched on, which causes the capaci- 


fore the supply is switched on. 
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tor to discharge. Once the potential across 
the capacitor has dropped to the toggle 
level of IC1b, the output of IC1b goes high 
and the bistable is set via the trigger input. 
Transistor T2 is then switched off and the 


voltage across the capacitor increases. 

The pulse that switches on T2 may also 
be used as the blanking pulse for the oscil- 
loscope and itis, therefore, available at a 
dedicated blanking output. For the dura- 
tion of this pulse, the electron beam in the 
oscilloscope is suppresed, 

Circuit [C2 is an AND gate that ensures 
that the trigger pulse can set the bistable 
only if the capacitor is really discharged. 
This prevents spurious triggering of the 


sawtooth generator. 
The generator output must be termi- 
nated in a high-impedance load to prevent 


distortion of the sawtooth. scan 
. A IC1= TLC 37 

The generator draws a current of only Ic2 = bine . 

5 mA froma single 10 V supply. a 


(P. Coster) 


904038 - 11 


al A SLAVE MAINS ON-OFF CONTROL 
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This circuit enables the automatic on/off 
switching of mains-powered equipment 
after a master unit has been switched on or 
off, One particularly useful application is 
in audio racks where a number of signal 
sources, such as the tuner, CD player, and 
tape recorder are to be switched on and off 
in unison with the power amplifier. 

The circuit works on the principle of 
current sensing in the mains input lines to 
the master apparatus, which should be 
connected to K2. When the master unit is 
switched on, a voltage drop appears across 
diodes D9 and D10. This potential triggers 
hyristor Tht, When it conducts, the thyris- 
tor connects junction D6-D7 to the neutral 
ine. The resultant output voltage of the 
bridge rectifier—about 25 V—is smoothed 
by Cl and then applied to the coil of relay 
Rel. 

When the relay is energized, indicated 


by 12 lighting, its contact links the live 
line of the mains to K3 to which the slave 
units are connected. 

When the master unit is switched off, 
the thyristor stops conducting so that the + 
relay is de-energized and the mains live iN5404 
line is removed from K3. 904057 - 11 
The reactance of capacitor C2 limits the 
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current through on-off indicator D1 to a safe value. 
Resistor R2 enables the capacitor to discharge after 
the input has been disconnected from the mains, 
Similarly, R3 enables C3 to discharge after the 
power has been switched off. 

Network R6-C4 across the relay contact pre- 
vents spikes and other noise signals generated 
when the relay is switched on or off being superim- 
posed on to the output voltage. 

Varistor R7 suppresses any voltage surges at the 
input that might cause spurious triggering of the 
thyristor. 

For safety reasons, the circuit must be connected 
to the mains via a suitable mains isolating trans- 
former and preferably be built on the PCB shown 
alongside. The completed assembly should be fit- 
ted in an ABS enclosure, Use an appropriate panel 
plug for the mains input (connected to K1 on the 
PCB) and panel sockets for the mains outputs (con- 
nected to K2 for the master and to K3 for the slave 
units). 

The actuation current of the circuit is about 
10 mA rm.s. The current drawn by the master and 
slave units must not exceed 2 A and 4 A respec- 
tively. 

WARNING. Since the cireuit carries dangerous 
voltages at many points, it is essential that wher- 
ever possible proper electrical insulation is applied. 
Never work on the circuit when the mains is con- 
nected to it. Make sure that no part of the circuit 
can be touched when it is being adjusted or used. 

Cf, Raffel 


PARTS LIST 

Miscellaneous: 

F1 = fuse, 4 A, slow 

F2 = fuse, 2 A, fast 

Ret = SPST relay, 24 V, 
1200 ©, PCB mounting, e.g. 
Siemens V23127-A6-A201 

K1, K2, K3 = 3-way terminal 
block for PCB mounting 

2 PCB-mount fuseholders 

1 mains panel plug 

2 mains panel sockets 

ABS enclosure, e.g. Retex 

Type RG4 (190x73x110 mm) 


Resistors: 

R1 = 3k3, 0.3 W 
R2,A3=1M 

R4 = 820 9, 0.3 W 
R5=1k 

R6 = 220 2,1 W 

R7 = SIOV-S10K250 


Capacitors: 

Ci =47 uF, 63 V 

C2, C4 = 150 nF, 630 V dic. 
C3 = 330 nF, 250 V ac. 


Semiconductors: 
01, D2 = LED, 5 mm, red 
D9, D10 = 1N5404 


D3—D8 = 1N4004 
Thi = TIC106D 


veoroe eqas9 
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P- VOLT NICD BATTERY CHARGER 


Nickel-cadmium batteries should normally 
be charged at 1/10 their capacity in Ah. 
The capacity of a 9 V NiCd battery is usu- 
ally 110 mAh and this type of battery 
should therefore be charged in about 10 h. 
However, the efficiency of the charger is 
only around 70%, so that the real charging 
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period should be of the order of 14 hours. 
In the present charger, the charging 
time is measured by IC1, whose oscillator 
is set toa frequency of 1/6 Hz, ensuring 
that output Q13 goes high after 14h. 
When Q13 goes high, pin 1 of IC2 goes 
low, which causes bistable 1C2a-IC2d to be 


reset, At the same time, pin 3 of IC2 goes 
high, resulting in the base voltage of cur- 
rent source Tl becoming equal to the sup- 
ply voltage. This causes the transistor to be 
switched off, which interrupts the flow of 
charging current. 

The charging cycle is started with $1 or 
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the detection circuit based on IC3, This cir- 
cuit ensures that batteries left in the 
charger are topped up after the batteries 
have lost some charge through self-dis- 
charge. This ensures that these batteries 
are always fully charged. 

The voltage at which the battery is as- 
sumed flat is set with P2 to, say, 8.4 V. To 
this must be added the drop across D1. 
This diode prevents the battery from dis- 
charging through the charger in case the 
supply fails, 

The detection circuit also ensures that 
as soon as a flat or partly discharged bat- 
tery is connected to the charger, the charg- 
ing cycle is started immediately. 

Resistor R9 ensures that even when the 
current source is off, pin 3 of [C3 retains a 
certain positive voltage. In that condition, 
the resistor also maintains a small charg- 
ing current (5-6 UA) through the battery. 
The drop across D1 then decreases to 
around 100 mV and this lowers the volt- 
age at which the battery is assumed to be 
flat. 

IF two batteries are alternately used 
and charged, the value of RY may be re- 
duced to 1 kQ22. The self-discharge of the 
battery is then countered by a_ trickle 
charge at about 5 to6 mA. 

The charging current is adjusted to 
11somA with PT as indicated by a mil- 
liammeter in series with the battery, 

When the charging cycle is completed, 
buzzer Bz] sounds. Square-wave genera- 
tor IC2c may be set to ta suitable buzzer 
tone with P?3. The buzzer may also be 
muted by strapping pin 8 of [C2 to earth 


This little circuit provides both a visual 
and an audible indication that a message 
has been left. 

CMOS inverters [Cla and IC1b form a 
touch-sensitive on/off bistable in which 
R1_ provides positive feedback so that the 
circuit will latch in whatever state it is left 
in. 

The output of the bistable controls 
astable IC1b-IClc, which is designed to os- 
cillate at a rate of about 11 Hz. This rate is 
determined by R2 and Cl. 

Although the astable could just about 
drive the LED and buzzer, a p-n-p driver 
transistor is used to make the circuit more 
versatile. When the ‘on’ pad is touched, 


MESSAG 


45V0 = 20mA max, 


see text 


IC2 = 4093 


via a switch. The buzzer may, of course, 
also be replaced by a LED. The current 
through the buzzer or LED is limited by 
R14. 

Diode D2 only lights when a charging 
current flows: when no battery is con- 
nected or if there is a bad contact, the low 
current through R7 will cause a drop of 


2 PAD 


Ic1 = 4001 


the LED flashes and the buzzer bleeps in- 
termittently. 
Power is derived from a 9-V PP3 bat- 


only about 1 V across the diode and this is 
not enough to switch it on. 

When a connected battery is defect, D2 
and D3 light and the buzzer is mute. With 
a good battery, there will come a time in 
the cycle when D3 goes out, while D2 re- 
mains on. a 

(T. Giffard) 


tery. Current drain in the ‘off’ condition is 
negligible. a 
(R.G. Evans) 
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SOUND DEMODULATOR FOR 
SATELLITE-TV RECEIVERS 


R.G. Krijgsman PE1LCHY 


Since an Astra-compatible TVRO set is about the cheapest ticket to 


the satellite-TV arena, it is not surprising that many of you have at 
times aimed your 60- or 85-cm dish at TV satellites other than the 
Astra-1. At the same time, owners of larger dishes will agree that 
the price/performance ratio of most Astra-compatible indoor units 
(such as the Amstrad SRX200) makes them good enough for use as 
a second receiver. Unfortunately, problems with incompatible 
sound channels arise in both cases. Here’s how to solve that little 


problem. 


At the moment, there is at least one TV 
satellite other than Astra-1 that can be 
received with a 60- or 85-cm dish; the 
West-German DFS Kopernikus at orbital 
position 23.5" East. Astra-1 and DFS 
Kopernikus have roughly the same output 
power (approx. 55 dBW) and transmit in 
the same band, Although both TV satel- 
lites are generally classified as medium- 
power types, Astra has 16 channels and 
Kopernikus only four. More medium- 
power TV satellites are expected to be 
taken into use in the next few years. 
Although the reception quality of DFS 
Kopernikus should be reasonable over 
most of the South-East of the UK, a typical 
Astra set will not reproduce the sound 
channels that accompany the four trans- 
missions. Likewise, owners of ‘full-size’ 
TVRO equipment (1.2-, 1.5- or 1.8-metres 
dish with motor drive and a multi-band 
LNC) for reception of the low-power ECS 
and Intelsat TV satellites, may wonder 
why an Astra receiver fails to produce 


sound on most TV channels in spite of a 
strong input signal. 


In the baseband 


The signal recovered by demodulating a 
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Fig. 1. 


Typical five-subcarrier frequency allocation in a satellite-TV baseband spectrum. 
The video information occupies the frequency range from 0 to about 5.5 MHz; the main 
(mono) sound channel is a wideband FM subcarrier at 6.5 MHz; narrow-band FM subcarriers 
for stereo transmissions and the like are assigned fixed frequencies of 7.02 MHz, 7.20 MHz, 
7.38 MHz and 7.56 MHz. 
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satellite-TV transmission is a frequency 
spectrum known as the baseband. The 
baseband signal is usually supplied direct 
by the FM demodulator in the satellite-TV 
receiver. It is an unfiltered, wideband sig- 
nal that contains everything transmitted 
by the uplink via the transponder on 
board the satellite. 

Figure 1 shows an example. The lower 
part of the baseband—say, up to 
5.5 MHz—is reserved for the video signal. 
The part between 6 MHz and about 
8.5 MHz contains a number of frequency- 
modulated subcarriers that provide the 
sound channels. 

In the case of Astra, the frequency allo- 
cation in the baseband is fixed: the main 
{mono) sound channel is at 6.50 MIIz, and 
the so-called secondary sound channels at 
7.02 MHz, 7.20 MHz, 7.38 MHz and 
7.56 MHz. Depending on the transponder 
user, these four narrow-band subcarriers 
may be used simultaneously for mono-, 
multi-lingual as well as stereo sound 
transmissions (an exception is Filmnet on 
channel 11, which uses the 7.56 MHz sub- 
carrier for TV-sync pulses). 

Unfortunately, the sound receiver and 
demodulator circuits in many Astra recei- 
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Fig. 2. 
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Circuit diagram of the sound demodulator. The inductors, L1 and L2, are tuned to 


the relevant sound subcarrier frequency in the baseband (6.60 MHz, 6.65 MHz, or 6.62 MHz). 


vers use the secondary channels only, i.e., 
they can not be tuned to the main channel 
at 6.50 MHz. This seldom causes prob- 
lems, however, because the main channel 
is usually duplicated (in mono or stereo) 
on one or more secondary channels. 

A problem arises when an Astra set is 
used to receive, say, DFS Kopernikus, 
since all transmissions on that satellite 
have a single, mono, sound channel at 
6.60 MHz in the baseband (6.65 MHIz is 
also used on some ECS and Intelsat chan- 
nels), Even if the Astra receiver does have 
a 6.50 MHz filter and demodulator, this 
does not produce the desired sound chan- 
nel because of the frequency difference of 
about 100 kHz. 


Upgrade kits: UNsound! 


Alerted by a small opportunity in the al- 
ready crowded satellite-TV market, some 
TVRO retailers supply upgrade kits 
claimed to make Astra receivers such as 
the popular Amstrad SRX200 compatible 
with ECS, Intelsat and Kopernikus trans- 
missions. The performance of these kits 1s, 


in general, poor owing to an inherent de- 
sign error. 

Although these kits do provide sound 
reception and FM demodulation at 
6.50 MHz in the baseband, the (wideband) 
main sound channel is passed through the 
filters originally fitted for the secondary 
channels. Obviously, these filters are too 
narrow for this application, since they 
were designed for a bandwidth of about 
50 kHz, not 150 kHz and greater. To make 
things even worse, the designers of these 
upgrade kits, in an attempt to reduce the 
cost of their product, have ‘forgotten’ or 
overlooked that the audio signal is sub- 
sequently fed through a special de-em- 
phasis section and a Panda-Wegener 
dynamic range expansion circuit, both of 
which are definitely inappropriate for the 
wideband signal. The result is a lot of 
distortion and a ‘thumping’ sound that 
lacks high-frequency components. 


A better approach 


There can be no question that the separate 
sound demodulator shown in Fig. 2 is a 
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1 audioreturnlL ......... 500-700 mV 
Sé Owe hpi Re Dee pee into 10k22 
2 videoreturn......... 1 Vpp into 7522 


3 video control voltage ...0 Vor+12V 


4 baseband output. . 25 Hz — 10.5 MHz 
5466 DD DIE OEE GPE GURY EE Cass (-3 dB} 


5 video output ........ 1 Vpp into 75a 


6 audioreturnnR......... 500-700 mV 
eS Tees Ce ee into 10k 

7 audio control voltage ...0 Vor +12 V 

8 ground 

9 spare 

10 spare 

11 ground 

12 audio outputL......... 500-700 mV 
RE vitae Wacken E ROWE State TARA into 10kaQ 

13 audio outputR ........ 500-700 mV 
SK GEPROSTEADT PETS POSSE Er into 10ki2 

14 spare 

15 spare 

Fig. 3. Pinning and signal assignment of 


the INTERFACE connector fitted on many 
Astra-compatible indoor units. 


cut above the previously discussed up- 
grade kits. The circuit is simple to build, 
inexpensive and based on commonly 
available parts. Furthermore, it is con- 
nected as an external unit, so you do not 
even have to open your receiver (pro- 
vided this has a standard 15-way interface 
socket). 

Unlike many upgrade kits, the sound 
demodulator presented here is designed 
to handle wide-band FM subcarriers and 
provide the correct de-emphasis, The re- 
sult isa clean, undistorted sound channel. 

The circuit diagram shows a standard 
application of the excellent, nearly 20- 
year-old, TBA1205 FM demodulator. The 
baseband signal is applied to the chip via 
inductor Li. The quadrature detector on 
board the TBA120S is tuned to 6.60 MHz 
(or 6.65 MHz) by L2-Ce. Resistor R4 deter- 
mines the output volume, and capacitor 
C5 the de-emphasis characteristic. A di- 
rect-coupled buffer, T1, feeds the demodu- 
lated signal to the receiver. 

Set to the position indicated in the cir- 
cuit diagram, switch S! causes the receiver 
to feed the audio signal at the L and R 
terminals of the demodulator to the inputs 
of its internal AF amplifier, and from there 
to the LHF remodulator and the SCART 
socket. This selection ts achieved by ap- 
plying +12 V to pin 7 (AUDIO SWITCH; AS.) 
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Fig. 4. 
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Printed-circuit board for the sound demodulator. 
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Fig. 5. The sound demodulator and a decoder, if used, may share the signals on the 15-way 
INTERFACE socket on the indoor unit as shown here. 


of the 15-way D-socket at the back of the 
receiver. The pinning of this (stand- 
ardized) connector is shown in Fig. 3. LED 
D2 lights to indicate that the sound chan- 
nel is produced by the external sound de- 
modulator via the audio return inputs of 
the receiver. 

When 82 is set to the other position, 
LED Di lights, and the receiver uses its 
own audio signal. 

A standard 12-V power supply based 
on bridge rectifier Bi and regulator [C2 
completes the unit. The unregulated input 
voltage (15-18 V, a.c. or d.c) is supplied by 
a mains adapter. 


Construction, alignment 
and connecting-up 


The circuit ts best constructed on the 
printed-circuit board shown in Fig. 4. The 
completed board is fitted in a narrow ABS 
enclosure, with the mode switch and the 
LEDs protruding from the front, i.e., the 
short, side as shown in the photograph. 
The connection to the receiver is made via 
a 3- or 4-way screened cable (max. length: 
approx. 50 cm), the INTERFACF socket, and 
a mating plug (they do exist: ask your 
satellite-TV dealer). 
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The baseband signal, taken from pin 4 
of the INTERFACE connector, is fed to the 
input of the demodulator via one of the 
screened conductors in the cable. Since the 
load formed by the sound demodulator is 
negligible, this connection may be made 
in parallel with a decoder. It is also 
possible to fit a 15-way INTFRFACE socket 
on the rear panel of the sound demodula- 
tor enclosure. Since the audio return in- 
puts are not (yet) used by decoders, this 
construction enables a loop-through con- 
nection between the receiver, the sound 
demodulator and a decoder as shown in 
Fig. 5. 

The three (or two) outputs of the sound 
demodulator, |, R and AS. (or just |. and 
AS.) are connected to the INTERFACE plug 
via separate conductors in the screened 
cable. 


COMPONENTS LIST 


Ry 

ts 
Ra 
R4 
RS 
R6:R7 
Ra 


Ci 

C2:C6 
22nF C3;C4:65 
47nF 25V axial G7 
100n CeCri 
220uF 25V. axial Co 
1OuF 25V axial Cio 


Semiconductors: 
B40C1000 or B80C 1000 
LED: 3mim red 
TBA120S 
7812 
BC557B 


Miscellaneous: 
KACSK3893A 
KACS(K)586HM 
miniature SPDT switch 
15-pin high-density 
sub-D connector 
(male; not on PCB) 
printed-circult board 


Alignment is fairly simple. Apply 
power and set S1 to external sound (12 
lights and the receiver probably produces 
noise). First adjust L2, then Lt, until the 
desired audio channel is heard. Use an 
insulated trimming tool, never a common 
screwdriver, and remember that the tun- 
ing frequency of the inductors is lowered 
as you turn the cores upward. This is be- 
cause the windings of both the 
KACSK586HM and the KACSK3839A in- 
ductors are located towards the top of the 
metal enclosure. 

The demodulator may be tuned to 
6.62 MHz to enable sound channels at 
6.60 MHz as well as 6.65 MHz to be re- 
ceived without the need of re-adjustment. 
The tuning range of the prototype ex- 
tended from 6.0 MHz to 8.5 MHz at an 
input sensitivity better than 1 mVpr. Cur- 
rent consumption was about 40 mA at an 
input supply voltage of 15 ¥, a 


PROFILE: 
HAPPY MEMORIES 


by Bernard Hubbard 


Electronics hobby enthusiast Geoffrey Greaves got tired of 
paying ‘high prices’ for components when building his own 
computer in 1978, so he decided to find an inexpensive 
source and sell the surplus to finance his hobby. And thus 
Happy Memories, now a highly successful electronics mail 
order business, was bom. 

Geoffrey told Elektor Electronics recently: “Initially, I 
was just buying components for my own projects and then 
selling the surplus via magazines.” 

However, very soon he had asked a friend to source 
cheap components in the USA for items which his cus- 
tomers were demanding, even though he was not interested 
in those components for his own projects. A hobby had be- 
come a true business. 

“A turning point was reached with the 2114s,” he re- 
calls, “I was buying so many that I realized what had just 
been a hobby had become a business and I had better take it 
seriously,” 

Soon the nascent business had established a shop in a 
part of Southampton favoured by other electronic retailers. 
“Maplin bought a shop very close to us,” he recalls. 

The business grew so much that he had to employ a 
manager, while Geoffrey continued with his job in social 
services. 

Long-term, however, Geoffrey and his wife, Diana, had 
nurtured the dream of raising a family in the country and 
they saw in the direct mail electronic components business 
a chance to finance a green lifestyle in the country far from 
the hustle and bustle of big-city life. 

Ten years ago they took the chance of foresaking the city 
when they bought a run-down cottage in the Marcher coun- 
try bordering Wales. 

Today, they are living their green dream in another cot- 
tage on a hillside some five miles from the small market 
town of Kington in Hereford and Worcester. It is from here, 
with hens and ducks, two dogs and a collection of cats, 
spurred on by the demands of four children, soon to be five, 
that Geoffrey and Diana conduct their highly efficient, 24- 
hour dispatch electronics business. 

Says Geoffrey: “The postman delivers the orders to the 
door one day and takes the components away with him the 
next, but if there is an urgent request we drive into Kington 
and the order goes that same day.” 

Despite a decade in the business, Geoffrey retains his 
hobbyist's enthusiasm and is often found talking to a cus- 
tomer on the phone for up to 20 minutes. He says: “This is 
the social services part of the job. The small customers 
normally take the most time and result in small orders, 
while some of the larger firms know exactly what they are 
looking for and we just get repeat orders.” 

Their individual customers range from all walks of life. 
“Many are middle-aged men,” Geoffrey says, “but there are 
also a lot of calls from schoolboys. Often mum will ring up 
on their behalf with an order which she is reading from a 


piece of paper without having a clue what she is ordering. 
Often she pays, so the hobby doen't make too big a hole in 
the schoolboy's pocket money.” 

Orders come in by post, fax or phone, from all over the 
country, but there is also a growing amount of business 
from overseas, particularly from Scandinavia. 

Despite a very commercial attitude to the Happy Memo- 
ries business, Geoffrey and Diana have strict principles in 
not doing business with certain firms on ethical grounds, 
for instance, with arms manufacturers or oppressive 
regimes. 

Asked how the mail order business first arrived at its 
name, Geoffrey said candidly: “I needed some more copy 
to fill up all the white space on one of my first magazine 
advertisements and it suddenly came to me. All those who 
know anything about computers immediately grasped the 
double meaning of ‘Happy Memories’.” 

“The great advantage of having your business next to 
your home,” says Geoffrey, "is ‘going to work’ in your bed- 
room ‘slippers. 
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A series of proiecis | for the spot eo-expertoneed constructor. Although Sach atticle 
will describe in detail the operation, use, construction and, where relevant, the _ 
2 underlying theory of the project, constructors will, none the less, requirean 

elementary knowledge of electronic engineering. Each project in the series will be 
_ based o on n inexpensive and commonly available parts. 


VERSATILE Ni-Cd BATTERY CHARGER 


M.E. Theaker, BSc, CEng, MIEE 


s the price of primary 

batteries continues to 
tise, so the popularity of 
rechargeable batteries 
continues to grow. Of all 
rechargeable batteries, 
nickel-cadmium (Ni-Cd) 
types are justly the most 
popular; they are easily 
interchangeable with 
standard-size primary 
batteries and can be stored 
in any state of charge 
without damage. 


The economics of rechargeable 
batteries are indisputable: a 
Ni-Cd battery will provide at 
least 500 cy cles of charge and 
discharge. An AA-size ‘Ni- Cd 
battery has a capacity of 
600 mAh, so during its life will 
provide a minimum total ca- 
pacity of 300,000 mAh, equi- 
valent to 167 alkaline 
manganese batteries (each 
having a capacity of about 
1800 mAh). The cost of an AA- 
size Ni-Cd battery is about £2 
and that of an alkaline-man- 
ganese battery about 50p. To 
the cost of the rechargeable 
battery the cost of a battery 
charger (about £10) must be 


12V-24V 
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Basic Circuit 


added, but since the charger 
will probably be used to 
charge, say, 4 batteries at a 
time, the cost per battery is 
only £2.50. So, overall, the cost 
of a Ni-Cd battery to provide 
300 mAh is £4.50 whilst that of 
167 alkaline batteries is £83.50. 
A clear saving of £79, exclud- 
ing, of course, the electricity 
bill. 

That is not to say that Ni-Cd 
batteries are better in every re- 
spect than primary batteries. 
Since their capacity is about 
one third of an equivalent-size 
primary battery, they need 


changing three times as often. 


12V-24V 


Also, Ni-Cd batteries have a 
faster self-discharge than pri- 
mary batteries. Typically, they 
self-discharge to 60% of their 
nominal capacity — within 
2 months, and so have to be 
recharged to regularly keep 
them topped up. 

Notwithstanding these 
slight drawbacks, the advant- 
ages of rechargeable Ni-Cd 
batteries over primary bat- 
teries are obvious. 

Chargers for Ni-Cd bat- 
teries are available from about 
£10, The circuit described here 
will not be — significantly 
cheaper, but will have greater 


MAINS 
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Twin - Charger Circuit 
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versatility than one ready- 
made and, in addition, will 
give the constructor an insight 
into the operation of constant- 
current battery chargers. 


The charge process 
Because Ni-Cd batteries show 
no significant rise in voltage 
when charged, it is not 
possible to use a constant-volt- 
age charger as used for lead- 
acid batteries. Instead, a 
constant-current charger must 
be used. 

The choice of the charge 
rate is important. If the rate is 
too high, the battery can be 
damaged by the heat gener- 
ated. If, however, the rate is 
limited to the 10 hour rate (i.e., 
the battery capacity divided by 
10), the battery may be 
charged indefinitely without 
damage. To fully recharge a 
completely discharged battery 
will take about 12 to 14 hours 
at the 10-hour rate because of 
inefficiencies in the charging 
process. 


How it works 
The charger described here is 
designed in two parts: a 


DS 12V 
QV 


OV OV 
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INTERMEDIATE PROJECTS 


mains-to-12 V d.c. supply, and 
a 12-24 V_constant-current 
battery charger with 60-mA 
and 9-mA outputs for AA- and 
PP3-size batteries respective- 
ly. The latter circuit can easily 
be adapted to charge larger 
batteries if required. The two 
circuits can be built into one 
case or into separate cases, 
which enables the charger 
proper to be used with any 12— 
24 V d.c. supply, such as a car 
battery via the cigarette lighter 
connection. 

The circuits for the 60 mA 
and the 9 mA charger operate 
in the same manner, Both com- 
prise an emitter follower based 
on a silicon p-n-p transistor 
and an emitter resistor. In the 
basic circuit, these parts are 
identified as T1 and R2 respec- 
tively, The batteries to be 
charged form the collector 
load. The base of the transistor 
is held at a reference voltage 
supplied by LED D1 and series 
resistor Ri. The resistor limits 
the LED current to 10-22 mA 
depending on the input volt- 
age (12-24 V), ALED is used in 
preference to a low-voltage 
zener diode because of its 
sharper voltage/current char- 
acteristic, and its temperature 
coefficient, which is roughly 
the same as that of the transis- 
tor. 

The base of Ti is held at 
1.6 V below the positive sup- 
ply rail. The voltage drop 
across the transistor’s base- 
emitter junction is 0.7 V, so 
that the voltage across R2 is 
1.6-0.7=0.9 V, Hence, the bat- 
tery current, J, is set by R2 in 
the following way: 


P= Ue /R2=0.9/R2 [A] 


For an AA-size battery with a 
capacity of 600-mAh, the con- 
tinuous charge rate is 600/10 = 
60 mA, so that 


R2 = 0.9/(60x10') = 15 Q 


For a PP-3 battery with a ca- 
pacity of 90 mAh and a maxi- 
mum continuous charge rate 
of 9mA, R2 works out at 


R2 = 0.9/(9x107) = 1000 Q 


Using this same formula it is 
possible to calculate the resis- 
tor value for any required 
charge current. It is important 
to ensure that the dissipation 
of the transistor and the resis- 
tor (R2) are not exceeded. 
Diode D2 prevents the bat- 
teries discharging through the 


circuit when the supply is 
switched off. Almost any me- 
dium-power silicon diode, like 
the 1N4001, will be suitable 
here. 

The minimum supply volt- 
age to the charger is about 9 V 
to maintain the current 
through the LED. That voltage 
would allow sufficient head- 
room to charge 4 AA-size bat- 
teries in series, but not for a 
PP3-size battery. 

The voltage drop across R2 
is 0.9 V, that across the emit- 
ter-collector junction of 7 
about 0.4 V, and that across D2 
about 0.7 V, a total of 2 V. 
Therefore, in order to charge a 
PP3-size battery the minimum 
supply voltage is 9+2=11 V. 
For supply voltages greater 
than this the circuit maintains 
the voltage across the transis- 
tor in order to achieve a con- 
stant current through R2 and 
the batteries on charge. 

The current requirement of 
the twin charger circuit is the 
sum of the LED currents and 
the charge currents, i.e., 


60 +9 + 24+ 24 =117 mA. 


The permissible dissipation of 
the transistors used in each cir- 
cuit is such that they will ac- 
commodate a 24-VY supply 
even with the charge terminals 
short-circuited. The overall re- 
quirement for the charger’s 
d.c. supply is, therefore, 11 to 


“Semiconductors: _ 


COMPONENTS LIST 


2 red LED Dds 
&1N4001 Da;DaDe:De 

+ BCYT1 Ee 
1 2N1132 T2 ; 
- Miscellaneous: 
“1 2x9V/SVA mains transtormer Tri 
~ 1 TO-5 heatsink 
 4- AA-size battery holder : 

1. -PP3 battery clip 

1 printed-circuit board UPBS-1 | 
“4 enclosure as required 

aA 
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24 V at 120 mA minimum. A 
suggested circuit is shown for 
those who require a separate 
d.c. supply from the mains. It 
consists simply of a bi-phase 
full-wave rectifier followed by 
a smoothing capacitor. This 
circuit can be built into a sep- 
arate housing and used as a 
general-purpose nominal 12-V 
d.c. supply, or incorporated 
into the same enclosure as the 
charger circuit. Alternatively, 
its function may be assumed 
by a mains adapter with 12-V 
d.c. output. In many cases, this 
will be preferred as it is a 
cheap as well as a safe solu- 
tion. 


Construction and practical 
use 

The twin charger circuit may 
be constructed on universal 
prototyping board — size-] 
(UPBS-1) as shown by the ac- 
companying component over- 
lay. The 60-mA_— charger 
transistor is fitted with a small 
heat-sink to ensure it remains 
cool even when connected to a 
24-V supply and with the 
charging output terminals 
short-circuited. 

Upon completion of the 
construction, apply the input 
voltage and connect an am- 
meter across the charging ter- 
minals. Check that it reads 
9mA or 60 MA as appropriate. 
If necessary make = small 
changes to R2 (9-mA output) or 


Ra (60-mA output) to achieve 
the correct charge current. 

The maximum number of 
AA-size batteries that can be 
charged in series with a given 
supply voltage is given in the 
table below: 


Supply Max. number 
voltage of cells 
(V) 

11 6 

12.5 7 

14 8 

17 10 

20 12 

23 14 


If it is required to charge 
C-size or D-size batteries, this 
can be done with the 60-mA 
charger but will require longer 
than the 12 to 14 hours to fully 
charge a completely dis- 
charged battery. The full 
charging time will be 25 hours 
and 58 hours for C-size and D- 
size batteries respectively. 

Finally, a warning: always 
ensure that you observe the 
correct polarity of the batteries 
when connecting them to the 
charger. Failure to do so can 
lead to catastrophic and poten- 
tially dangerous failure. Never 
use the charger for recharging 
primary batteries. a 


ELEKTOR ELECTRONICS JULY/AUGUST 1990 


f 


ee in EEE EEE _EseEeeeEesEeEeHeEeseseE ee 8s 


hese days, an increasing 

number of lorries and 
buses is fitted with loud 
sirens and other actuators to 
warn pedestrians that the 
vehicle is reversing. Private 
cars have yet to be fitted 
with such devices, which 
seems strange, as they can 
be just as hazardous when 
reversing. 


Few cars are fitted with any 
sort of alarm system; even a 
flashing LED would deter 
many thieves from risking set- 
ting off an alarm. This project 
aims at improving this situ- 
ation somewhat by providing, 
a KITT-like ‘scanning eve’ on 
the dashboard. 

Furthermore, the circuit 
also provides a relay to switch 
two sets of indicator lamps on 
and off at a rate of about once 
asecond. This is used to advise 
fellow motorists that your car 
is static, either having broken 
down, or parked temporarily. 

The whole system operates 
from only three integrated cir- 
cuits, two of which, [C1 and 
ICs, are the ubiquitous 555 ti- 
mers. The first provides clock 
pulses, the second audio tones. 
In between these devices is a 


@+“e 


lamp lamp 
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REVERSING CAR ALARM 


C. Brown 


Type 4022 counter, IC2, whose 
eight outputs go high sequen- 
tially as each new clock pulse 
arrives. Each output drives a 
LED, and also supplies a small 
current to one of three presets 
P2, P3 and Pa. The presets are 
adjusted to give an alternately 
ascending and descending se- 
quence of three tones with 
short pauses between the se- 
quences. 

The CARRY OUT (CO) signal 
of the counter is used to drive 
a transistor, 11, which in turn 
operates a relay, Rei. The CO 
output remains high for four 
counts, then goes low for four 
counts. The on and off periods 
of the indicator Jamps con- 
nected to the relay contacts are 
therefore equally long. 

As well as powering a 5- 
watt weatherproof loud- 
speaker mounted on the rear of 
the car, the tones also gperate 
a piezo sounder within the 
unit. With the internal sounder 
ringing out, the driver’s atten- 
tion is drawn to the fact that 
the hazard relay is still opera- 
ting. However, having broken 
down on the M1, you do not 
want to spend a couple of 
hours listening to the piezo 
sounder whilst the relay oper- 
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The author's prototype of the reversing car alarm. 


the hazard indicators. 
Hence, a switch, $2, allows you 
to mute the sounder, and in- 
stead switch on a LED, Dis, 
only. 

Thanks to a magnet 
mounted on the gear lever 
operating a reed switch, the re- 
versing alarm automatically 
sounds whenever reverse gear 
is chosen. Most neighbours, 
having just gone to bed, would 
be a bit annoyed if they were 
woken by you reversing your 
car into the garage at mid- 
night. Setting $2 to the centre- 
off position disables the 
external sounder, although the 
LEDs still flash. 

The other switch in the cir- 
cuit, St, is used to select either 


ates 


the hazard setting or the bur- 
glar deterrent. When the pole 
of St is connected to ground, 
the relay and the sounder are 
disabled, allowing just the 
LEDs to operate. These pro- 
duce a KITT-like line of light 
which sweeps across the front 
panel. A short pause is simu- 
lated before the scanning line 
reverts by fitting only five of 
the eight LEDs on the front 
panel. Do not omit the three 
‘dummy’ LEDs, however, as 
this causes a higher current to 
be fed into the tone generator, 
resulting in unwanted extra 
tones. Like 52, $1 has a centre- 
off position so that the unit 
may be turned off completely. 

The indicator lamps must 
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be powered via diodes of ap- 
propriate power rating for the 
lamps. Without these, a loop 
would be set up causing both 
indicator lamps to flash when 
the normal left/right indicator 
switches were used. 

Since the audio output tran- 
sistor, T3, may run fairly 
warm, it is advisable to fit it on 
a heat-sink, or bolt it to the car 
chassis. Either way, do not for- 
get to insulate the transistor 


electrically with the aid of a 
mica washer. 


Setting up 
Initially, set Si to the burglar 
deterrent mode. Preset Pt is 
used to adjust the running 
speed of the LED scanner. The 
best adjustment at this stage is 
one clock pulse per three to 
five seconds. Switch S2 to the 
piezo sounder. When the far 
left LED lights, adjust P2 until 


you find the tone pleasing. 
When the second LED lights, 
adjust P3 for a higher tone. Do 
the same for the next preset, 
Ps, when the third LED lights. 
This sets up the three ascend- 
ing/descending tones. Next, 
re-adjust P1 until a complete 
cycle lasts about 2 seconds. 
The last stage is to move $2 to 
the hazard setting. The relay 
should now be heard clicking 
on and off at regular intervals, 


ELECTRONIC SIREN 


his module was originally 

designed to be used ina 
plastic model kit of a police 
motorcycle. Other 
applications that come to 
mind are inclusion into a 
model! railway layout, or as 
a burglar alarm. 


The circuit diagram indicates 
that the module consists of two 
sections: a 355-based timer 
(IC1) and a voltage-controlled 
oscillator (C2). The 555 is con- 
figured in astable mode. lt pro- 
duces a square-wave at its 
output, pin 3. The frequency of 
this square-wave, fo, depends 


D. Butler 


on components Ri, R2, P1 and 
C2, as expressed by 


fo = 1.44/1CRt + 2(Pt + R2)) C2] 


This square-wave is applied to 
IC2, a Type 4046 phase-locked 
loop (PLL). This IC contains a 
voltage-controlled — oscillator 
(VCO), of which the frequency 
range is set by capacitor C4 
connected between pins 6 and 
7. The voltage level at the 
VCOIN terminal, pin 9, effec- 
tively controls the VCO section 
of IC2—in this case forming 
the two tones of the siren. 
Presets P2 and P3 set the fre- 


quencies of the two tones 
generated by the siren, while 
P4 controls the output volume 
of the (passive) piezo buzzer. 
The rate at which the tone 
changes is controlled by Pr. 

Diode D1 affords protec- 
tion against reversed supply 
voltages. Although a supply 
voltage of 12 V is shown, the 
module can operate over a 
range of 5 V to15 V. 

The accompanying compo- 
nent overlay shows a sug- 
gested construction on board 
UPBS-1. a 


12V 01 


41N4001 
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and the loudspeaker should; 
produce loud tones. : 

Set St to its central-off posi- 
tion. This should turn off all 
functions. Connect the reed 
contact wires together to check 
that the circuit is actuated. If. 
there is no sound from the 


loudspeaker, check that $2 is 
not in the central off position. 
a 


Resistors: 


1. 4k7 Ri 

1. 22k Re 
1+-.10k R3 

+ 220k preset H Py 

1. 22k preset H P2 

1... 100k preset H P3 

1. 5k preset H P4 
Capacitors: 

1 100uF 25V C1 | 
1. 47 25V C2 

1... 10uF 25V C3 

1. 100n C4 
Semiconductors: 

4. 4N4001 D1 
4: S58 {C1 
1.4046 1c2 
Miscellaneous: 

1 passive piezo buzzer = Bzt 

+. printed-circuit board: UPBS-1 
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SIMPLE SQUARE-WAVE GENERATOR 


C.M. Clarkson 


his circuit provides the 

perfect solution in all 
those cases where you are 
stuck for a clock generator, 
yet have one ordinary logic 
gate leff in your design. 


The circuit works because of 
the high gain of the inverting 
logic gate and the 180° phase 
shift introduced by an R-C net- 
work at the oscillating fre- 
quency, fy, calculated from 


fo = V6 /(20RC). 
At first you may be a little be- 
wildered by the use of a logic 
gate where you would expect 
a linear amplifier. Most logic 
gates however will work as li- 
near amplifiers provided they 
are biased correctly. The resis- 
tors in the network supply the 
necessary bias for the logic 
gate. The 74HCOO NAND gate 
used here should provide a 
gain well in excess of 1,000. In 
some cases, however, its hys- 
teresis may cause. starting, 


IC1 = 74HCO00 


problems of the oscillator, This 
may be resolved however by 
replacing the 74HCOO by a 
74HCU00, which has unbuf- 
fered outputs. 

The &-C network attenuates 
the output signal of the logic 
gate by a factor of 149. Pro- 
vided the gain of the logic gate 
is greater than the attenuation 
of the R-C network, and the 
logic gate inverts the signal, 
the output of the gate will be in 
phase with its input. Any 


900070 - 11 


small change in the input sig- 
nal will cause a large change in 
the output, which is added to 
the input change, thereby rein- 
forcing it. This is called posi- 
tive feedback, and the effect 
can only occur at the oscillat- 
ing frequency. 

The output of the logic gate 
is a square-wave because the 
output saturates owing to the 
high gain of the gate. The input 
to the gate is a sine-wave of 
amplitude (4U,,)/(29m) V. The 


reason for the term 4,'m is ex- 
plained by the Fourier analysis 
of a squarewave. This analysis 
shows that the amplitude of 
the fundamental frequency of 
a squarewave is 47 larger than 
the original squarewave am- 
plitude. 

The input to the logic gate 
is a sinewave because the 
squarewave at the output is 
fed through three low-pass fil- 
ters connected in series. These 
filters attenuate the harmonics 
of the squarewave, leaving a 
slightly distorted sinewave at 
the input. If the gain of the 
HCO00 gate were exactly 29, the 
output would be a pure sine- 
wave, since any non-linearities 
owing to output saturation 
would not occur. 

The oscillator works fine at 
frequencies between 100 Hz 
and 10 MI iz. It is very useful 
because it provides both a 
squarewave and a sinewave at 
the frequency of oscillation. 


SIMPLE EFFECTIVE CAR THEFT DETERRENT 


K. Hebborn 


he purpose of this simple 

circuit is to deter potential 
car burglars simply by a 
brightly flashing LED, 
implying that the car is fitted 
with a sophisticated alarm 
system. 


The circuit is remarkable be- 
cause it is connected to the 
car's electrical system by two 
wires only. It senses the car 
battery voltage and automat- 
ically switches itself off after 
the engine is started. This pre- 
vents distraction while driving 
and avoids the need of an 
on/off switch. 

The circuit uses a Type 
LM358 dual opamp. One 
opamp, ICla, is used to sense 
the battery voltage, and the 
other, IC ib, to pulse the LED 
driver transistor, T1. 

When the battery voltage 
exceeds about 13.5 V, which 
happens when the engine is 


running and the battery is 
being charged, the voltage 
across R2-R3 exceeds _ that 
across zener diode D3. This re- 
sults in the output of [Cia 
going low, so holding the base 
of Ti off via diode Di. Thus, 
when the engine is running, 
the LED can not flash. 

When the engine is off, the 
output of ICta is high because 
the voltage across R2-R3 is 
lower than that across Ds. This 
results in the base of T) being 
driven from the output of [Ctp. 
This opamp is configured as a 
simple square-wave oscillator 
whose frequency is set by Rs 
and Cl, The relevant compo- 
nent values indicated in the 
circuit diagram give a flash 
rate of about 100 per minute. 

The average current con- 
sumption of the circuitis about 
20 mA so that it causes negli- 
gible drain on the car battery. 

| 
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DOOR CHIME/ALARM SIREN 


The Type U450B integrated circuit from 
Telefunken is a tone sequence generator 
for applications in toys and electronic 
household utensils. 

In the circuit shown here, the output 
signal of the U4050B is boosted by a one- 
chip amplifier from Philips Components, 
the TDA7052. The combination of the two 
chips results in a relatively simple tone 
generator that may be used for at least two 
applications (as indicated by the title). 

The TDA7052 is capable of supplying a 
nominal sine-wave output power of up to 
1.2 W when loaded with 8 Q. Since in this 
application the IC handles rectangular 
signals only, an output power of 3 W may 
be supplied—enough for quite high 
sound levels. 

When S1 is pressed, the sound gener- 
ator, ICi, produces a sequence of three 
tones whose frequency is determined by 
the setting of trimmer C1. The total dura- 
tion of the tones is determined by P1. The 
output signal is supplied in the form of a 
current at pin 1 of the chip. This current is 
converted into a corresponding alternat- 
ing voltage by Ra, P2 and Ca. The AF volt- 
age so obtained is fed to the power 
amplifier via input pin 2. The maximum 
output voltage of [Ci is limited to about 
0.6 V by diode Di, 

The U450B receives its supply voltage 
via resistor R5, which forms the current 
limiter for the on-board 3.75-V voltage 
regulator. Here, the value of R5 causes a 
current of about 1 mA to flow into pin 3. 

The AF power amplifier, IC2, contains 
a phase splitter and two output stages 
which are used in a bridge configuration 


T. Giffard 


A = 3V75 typ. 


1N4148 


to drive an 8-Q loudspeaker. 

The 9-VAC power supply must be ca- 
pable of delivering up to 0.5 A. Circuit 
IC3, a 7806, provides the required voltage 
regulation. In the off state, the circuit con- 
sumes about 6.5 mA. When the sound 
generator replaces the existing doorbell, 
the bell transformer may be conveniently 
used to provide the a.c. supply voltage. ™ 
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COMPONENTS LIST 


Resistors: 


+2 100k Ri 
1 680k R2 
1 220k Ag 
Pet Ra 
FAKS RAS 
Yo ak? Re 
1. 2M5:preset H Py 
1 §00Q preset H P2 


Capacitors: 


1 100pF trimmer Gt 
4° B2pF C2 
1° 150nF C3 
td pF C4 
4100nF C5 
1 220uF 10¥V radial Cé 
1000pF 16V radial C7? 
to tik TOV radial os 
Semiconductors: SEES 
J. 1N4148 Di | 
B80C1500 Bi 
U450B Ci 
TDA7052 C2 


(C3 


7806 


Miscellaneous: _ : 
1 SPDT push-bution = S1 
St 


1 BO/3W loudspeaker 
1 heat-sink for. IC3 
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COMPUTERS LEARN FROM 
HUMAN MISTAKES 


by R.A.J. Arthur 


When a system fault develops on an earth 
satellite, a human controller may find it 
easy to correct. On an unmanned space ve- 
hicle, one fault exceeding the limited lia- 
bility of an automatic control correction 
system can write off an asset valued in bil- 
lions of pounds. 

Now, however, the Turing Research In- 
stitute in Glasgow has produced a remark- 
able remedy, and it could also have appli- 
cations in general industry. Protessor Don- 
ald Michie, chief scientist at the institute, 
said: “At last we have opened the door to 
transferring cognitive skills from humans 
to machines.” 

He described the method as “like being 
able to take an X-ray photograph of a cog- 
nitive skill”. A satellite equipped with this 
transplanted human expertise would be 
able to get itself out of trouble. 

The institute is named after the late 
Alan M. Turing, the British mathematician 
and logician whose work had a lasting in- 
fluence on the foundations of modern 
computing. It shares premises, and is 
closely linked, with the Scottish Human 
Computer Interaction (HCI) Centre, part of 
the University of Strathclyde. The execu- 
tive director of both is Protessor James 
Alty. 


Human computer interface 


The institute's unsurpassed on-line Artifi- 
cial Intelligence (AI) library of 55,000 
documents Is the only one of its kind avail- 
able electronically from remote sites. 

The objective of the HCI Centre is to 
develop the greatly improved human com- 
puter interfaces that alone can make Al 
systems acceptable, 

Professor Michie's approach aims to 
overcome a potentially dangerous impasse. 
Conventional automatic systems, as 
widely used in industry, may still en- 
counter the unexpected but lack the adap- 
tive ability to deal with it. 

If a pedal comes off a bicycle, a human 
cyclist will reorganize a strategy for keep- 
ing going, but a robot cyclist will almost 
certainly fall off. Although human beings 
are not good at any one task, they are very 
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good at re-learning on the job. The ability 
of machines to study human trial-and-error 
learning and extract a set of rules defining 
a successful strategy is the basis of the 
new technique. Machine learning is used 
as a tool for digging law-governed regular- 
ities out of data. 


Learning process recorded 


A machine's ability to learn from human 
examples is demonstrated in a computer- 
simulated exercise—balancing a pole on a 
cart free to move along a short piece of 
track without letting the pole fall over or 
the cart run off either end. 


HOTOL (Horizontal Take-off and Landing Air- 
craft), the unmanned orbital craft for which the 
Turing Institute has researched a new method of 
control if a fault occurs. 


Various human operators built up skill 
at this game while the machine recorded 
the entire learning process. From the 
record of these attempts it extracted a se- 
ries of generalized ‘rules’ for success. This 
experiment was used simply to demon- 
strate the absolute reliability of the 
method. 

The difficulty in designing an auto- 
matic attitude controller for systems on 
satellites is formidable. Machine simula- 
tion falls far short of handling so complex 
a task. Simulators always represent a large 
simplification. When pilots are trained on 
them for unstable craft such as helicopters, 
it is impossible to turn the trainee loose on 
the real thing without a period of conven- 
tional human instruction. 

In the case of an unmanned orbital craft 
such as the HOTOL, there is no question 
of human control, nor can a perfect auto- 
matic controller be designed by mathemat- 
ical means. However, the new method 
opens a possible route. 


Behaviour examples 


First, a human operator is trained as far as 
he can go on the simulator. Then, the ma- 
chine's learning programs are allowed to 
ruminate over the record of his behaviour. 
From that perhaps messy and inconsistent 
record they distil the essence of what his 
strategy is likely to be. 

The machine learns from examples of 
behaviour and this overcomes a big prob- 
lem, A top practitioner carries so much of 
his skill in his subconscious memory that 
his verbal accounts of method are wholly 
inadequate. Extracting general rules from 
actual examples, the machine constructs Its 
own standard strategy far better than the 
human one because human inconsistencies 
have been smoothed out. 

The aim is to generate a streamlined 
strategy far superior to what a human 
being would develop on a satellite. Obser- 
vation shows that the streamlined strategy 
of the machine is strikingly better than the 
original human example. 

The close cooperation of the Turing In- 
stitute with the Scottish HCI Centre has al- 
ready produced remarkable results. As the 
era of Artificial Intelligence develops, this 
kind of expertise will make its impact in 
most fields of human activity. a 


NEW PUBLIC CORDLESS 
TELEPHONE SYSTEMS 


by John Williamson 


In the 1980s, mobile communication has 
become one of the most dynamic sectors 
of the telecommunications industry and, as 
is widely accepted, the United Kingdom 
has established an international lead in the 
technological development and commer- 
cial exploitation of a number of mobile 
services, 

Thanks to the introduction of private 
sector competition in the supply of service 
and equipment, Britain's two cellular tele- 
phone networks are individually among 
the world's largest. 

The operators Cellnet and Racal Voda- 
fone had a combined subscriber base of 
about 800,000 early this year, and conser- 
vative estimates put the total growth rate at 
30,000 new customers a month. 

Local market volumes and competitive 
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supply have already driven the price of 
analogue cellular telephones down. Pro- 
jected demand and the use of an open 
specification for the future pan-European 
digital system are expected to have a simi- 
lar effect on the digital terminal market. 

However, the high cost of building and 
maintaining cellular infrastructures dicates 
that service costs will remain relatively 
high for both analogue and digital systems. 

With this in mind, a number of compa- 
nies are beginning trials of what is termed 
telepoint. This is a limited distance, cord- 
less public telephone service. Since it has 
no roaming capability and can only make 
outgoing calls, the telepoint infrastructure 
cost is much lower and, accordingly, calls 
are much cheaper. 

Phonepoint, one of four consortia li- 
censed to provide telepoint services in the 
United Kingdom, estimates that total an- 
nual average usage costs for a telepoint 
payphone service could be between £200 
and £300 as compared to £1000 for a cel- 
lular service. 


Public locations 


Telepoint terminals are initially expected 
to retail at about £180, falling to around 
the price of a convential domestic cordless 
telephone during the early 1990s, 

Telepoint in Britain is based on the sec- 
ond generation of a cordless domestic or 
business telephone specification known as 
CT2. As such, the same terminal can be 
used in the home, in the office, and when 
in proximity of an access point, in a public 
place. 

CT2 telepoint uses a mixed frequency 

division multiple access (FDMA) and time 
division duplex (TDD) mode of operation. 
This allows a single radio channel to sup- 
port two-way or duplex speech through the 
use of a single block of radio spectrum 
rather than the paired frequency arrange- 
ments found in conventional duplex mo- 
bile radio systems, 
With TDD, the handset transmits for a 
short period while the base unit at the pub- 
lic access point receives, and vice versa, 
This involves both the handset and the 
base station being synchronized. and at ei- 
ther end of the link the input speech is dig- 
itized, stored for one burst period and 
transmitted in the next. 

Accordingly, transmission is time-com- 
pressed by a factor of two. At the receive 
end of a link, packages of burst speech are 
recombined and converted from digital to 
analogue form. 

In the United Kingdom, 40 channels of 
10 kHz have been allocated to CT2 in the 
range $64.1-868.1 MHz. Base units scan 


the 40 channels using a channel selection 
algorithm, 

If the handset and base station are 
within working range of each other (1-200 
metres), the algorithm dictates that both 
select the same vacant radio channel for 
communication. 

This self-tuning characteristic and the 
relatively short transmission range produce 
very efficient spectrum utilization. It is es- 
timated, for example, that the 40x100 kHz 
space allocated to CT2 telepoint in Britain 
can support over 5000 handsets per square 
kilometre. 

A second advantage of CT2 over some 
other forms of mobile communication is 
that the required infrastructure is neither 


‘i Mii 
Using Phonepoint, one of the world’s first cord- 


less public telephone systems, at Euston rail- 
way station in London. 


costly nor complex. In fact, most of It al- 
ready exists. Transmitters and receivers 
are hooked direct into the public switched 
telephone network, 

A third consideration is that telepoints 
are mounted on poles, walls or other struc- 
tures physically inaccessible to the general 
public. This means that the possibility of 
vandalism and misuse associated with con- 
ventional telephone call boxes is much re- 
duced. 


International calls 


There are two approaches to handling the 
necessary subscriber verification and 
billing processes—local and centralized. 

In the former, the public access point 
stores the necessary information for verifi- 
cation and also has a metering capability. 
During quiet periods. data collected is 
downloaded to a central computer follow- 
ing interrogation. 

In the alternative, the telepoint needs to 
seek verification from the central control 
processor on the receipt of cach call re- 
quest, and passes billing information back 
on call completion. 

In operation, users approach to within 
200 metres or so of the nearest telepoint 
access station, switch on their cordless 
telephones, and enter a personal identifica- 


tion number. 

This is checked by the system and in 
moments the user is presented with a dial 
tone and can call into the national or inter- 
national network in the normal way. Each 
telepoint service provider will eventually 
have access stations in all major public 
places—including railway stations, main 
streets, shopping centres and motor service 
stations, 

Telepoint phones can also be used for 
two-way communication as domestic or 
public branch automatic exchange (PABX) 
extension terminals. 

Of the four British telepoint consortia, 
Phonepoint, in. which British Telecom has 
a major stake, was the first off the mark 
with a pilot commercial trial in London in 
August 1989, 


Joint ventures 


Ferranti Creditphone launched a larger 
scale commercial telepoint service in Oc- 
tober last year under the Zonephone ban- 
ner. After spending some £20 million on 
development, Zonephone was put over on 
a network of 300 base stations. The com- 
pany aims to have 5000 base stations all 
over Britain by the end of this year, 

Zonephone is a proprietary system, but 
Ferranti's base stations have compatibility 
with the common air interface (CAL) that 
all four British operators will be required 
to implement by 1991. 

Ferranti, which has already sold equip- 
ment for a trial system in France, has been 
talking to six other countries with a view 
to setting up local joint venture telepoint 
operating companies. Two of these are 
thought to be Japan and South Korea. 

Another British operator, the BYPS 
Communications consortium, made up of 
Barclays Bank, Philips and the Shell Oil 
Company, has said its service will use CAI 
from day one. BYPS has just started oper- 
ations and has spent £30 million on 
100,000 handsets, 7,000 base stations and 
a quantity of network equipment. 

BYPS subscribers will have the option 
of buying their pocket phones from Orbi- 
tel, the Plessey/Racal joint venture, which 
last October unveiled its own range of CAT 
products. 

Outside Britain, Finland's Helsinki 
Telephone Company began CT2 trials last 
November, using terminal equipment pro- 
vided by Shaye Communications, and in- 
frastructure jointly developed with Shaye 
shareholder, Nokia. a 


Phonepoint Ltd, BTMC, Mobile House, 
1 Eversholt Street, LONDON NWI 2DW. 
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Ferranti Creditphone Ltd, St Mary's Road, 
MANCHESTER M10 OBE. 


BYPS, Westbrook Centre, Milton Road, 
CAMBRIDGE CB4 1LYH.B 


Orbitel Mobile Communications Ltd, 
Keytech Centre, Ashwood Way, 
BASINGSTOKE RG23 8BG 


Shaye Communications Ltd, Capital House, 
48-52 Andover Road, 
WINCHESTER S023 7BM. 


THE WORLD'S FIRST DESIGN 
MUSEUM 


by Tony Aldous 


Contrasting telephones from 1895 and 
1989; a one-key typewriter of 1924 beside 
a computer keyboard and video display 
unit from the late 1980s; and a Kodak 
camera of 1889 together with a Ricoh 
Mirai of 1988—these are just some of the 
exhibits charting changes in design and 
technology at London's new Design Mu- 
seum, the first of its kind in the world. 

The brainchild of Sir Terence Conran, 
leading designer and head of the Store- 
house retail chain, the museum stands on 
the south bank of the Thames just below 
Tower Bridge. 

Connected by a ferry shuttle to the 
Tower of London on the opposite bank, it 
is well placed for tourists. In its first four 
months, it drew more than 48,000 visitors 
from all over the world. 

According to Helen Rees, the muse- 
um's founding curator and now its acting 
director, its prime aim is “to increase pub- 
lic awareness of the benefits of design to 
society, to culture and to the economy”. 
She and her colleagues are not trying to el- 
evate the idea of design nor to promote the 
design profession, but to show how the 
mass produced artefacts of our day work 
and why they look as they do. “Design de- 
cisions,” she says, “have a profound effect 
on everybody”. 


The Boilerhouse 


Set up by Sir Terence’s charitable Conran 
Foundation, the museum is housed in a 
sturdy 1950s warehouse, refurbished and 
enlarged at a cost of £7 million. The result, 
painted white inside and out and with large 
windows looking out on the river, has a 
1920s look but provides a spacious and ap- 
propriately neutral showcase for all man- 
ner of exhibits. 
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The conversion was managed by Sir 
Terence's own architecture/development 
firm, Conrain Roche, but the two most im- 
portant interiors are the work of the lead- 
ing exhibition and museum designers, 
Alan Stanton and Paul Williams. 

From a ground floor entrance hall con- 
taining a cafe/bar, the visitor moves to the 
first floor gallery, The Boilerhouse. This is 
named after the project from which the 
Design Museum has grown, and which be- 
tween 1982 and 1988 mounted a series of 
exhibitions at the Victoria and Albert Mu- 
seum in the courtyard of its boilerhouse. 


The new Boilerhouse fulfils a similar 
function as a showcase for a frequently 
changing programme of exhibitions. Its 
first, ‘Commerce & Culture® looked at the 
relationship between mass produced goods 
and the ethos of the museum world. It re- 
vealed some remarkable similarities be- 
tween today's commercially orientated 
museums and art and design orientated de- 
partment stores. This was followed by an 
exhibition on French design between 1960 
and 1990, imported from the Pompidou 
Centre in Paris. 


State-of-the-art 


The Boilerhouse is a white-walled, win- 
dowless but very flexible space. It can be 
divided in a variety of ways and its false 
ceiling can be removed to create a lofty 
space two storeys high. 

On the same level is the Review, a 
smaller gallery devoted to a constantly 
changing international survey of new and 
speculative products and processes. These 
have included credit cards in colours cho- 
sen to match their holders’ dresses, an ele- 
gant French bus shelter, and a push chair 
designed for the Mothercare chain. 


On the newly added top floor is another 
gallery space, known as the Study Collec- 
tion, which is flooded by light. 

Windows on three sides give views of 
the Thames and the adjacent Butler's 
Whart development that lies between the 
museum and Tower Bridge. If the sunlight 
becomes too bright, photosensitive blinds 
automatically protect the exhibits. 


Visitor participation 


The Study Collection contains some 400 
objects chosen to illustrate three themes: 
stylistic or technological innovation; suc- 
cess or failure in the market: and ‘the con- 
text of consumption’, that is, how products 
are used and understood. 

There are sections on items used in the 
home, at work and in transport, and the 
display follows the development of partic- 
ular products, such as typewriters, tele- 
phones, radios and cameras, Video films 
projected alongside exhibits show how 
they were initially marketed and what the 
public perception of them was. A tape- 
recorded audio-guide and study notes are 
also available. 

Visitors to this section of the museum 
can try their hand at computer-aided de- 
sign (CAD) and, using a computer termi- 
nal, can also view short biographies of the 
world's most famous designers, accounts 
of companies famous for their design qual- 
ity, and products that have had a signifi- 
cant effect on people's lives. 

There is, for example, a 120-year old 
Singer New Family sewing machine, other 
domestic appliances of the time, and later 
sewing machines whose use and impact on 
women's lives the study notes explore with 
the help of contemporary advertisements 
and user manuals. 


Educational charity 


All this reflects the long-standing wish of 
Sir Terence Conran to create a research 
and resource centre for professional de- 
signers, design students and members of 
the public. He wanted to provide the kind 
of facility he had vainly sought as a young 
design student himself. 

The building also includes a lecture 
theatre/cinema, a library with 5,000 books, 
journals and other reference items, a 
restaurant and a poster gallery presenting 
shows that change regularly. 

Run as an educational charity, the mu- 
seum received government grants to help it 
get under way but, with the aid of private 
sponsorship, is expected to be largely in- 
dependent of public subsidy within two to 
three years. a 


QUAD POWER FAULT MONITOR 


Silicon General's Type SG1548 is an inte- 
grated circuit capable of monitoring up to 
four positive DC supply voltages simulta- 
neously for overvoltage and undervoltage 
fault conditions. An on-chip inverting 
opamp also allows monitoring one negalive 
DC voltage. The fault tolerance window is 
accurately programmable from £2% to 40% 
using a simple divider network on the +2.5-V 
reference. 

A single external capacitor sets the fault 
indication delay, eliminating false outputs 
caused by switching noise, logic transition 
current spikes. and short-term AC line inter- 
tuptions, An additional comparator refer- 
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enced to +2.5 V allows the AC line to be 
monitored for undervoltage conditions or for 
generation of a line clock. The comparator 
can also be used for programable undervolt- 
age lockout in a switching power supply. 

Uncommitted collector and emitter out- 
puts permit both inverting and non-inverting 
operation, External availability of the preci- 
sion +2.5-V reference and open-collector 
logic outputs permit expansion to monitor 
additional voltages using available open-col- 
lector quad comparators, 
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ABSOLUTE MAXIMUM RATINGS (Note 1} 


Supply Voltage (+Vipy) 


Note 1. 


Supply Voltage Range 


FEATURES if 


Monitors four DC voltages and the AC line p 
Precision +2.5 volt + 1% low-drift reference 5 
Fault tolerance adjustable from +2% to | 
| 
t 
i 
I 
t 


+40% 

+3% trip threshold tolerance over 
temperature 

Separate 10 mA, 40 voll overvoltage, under- 
voltage and AC line fault outputs 

Fault delay programmable with a single 
capacitor 

Comparator hysteresis to prevent 
oscillations 

On-chip inverting op amp for negative 
voltage 

Open-collector output logic for 
expandability 


© Operation from +4.5 volt to +40 volt supply 
* Standard 16-pin dual-in-line package 
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+40V Power Dissipation at Ta = +25°C (Note 2) 1000mW 
Fault Output Collector Voltage ~40V Thermal Resistance: junction to ambient 100° C..W 
Sense Input Voltage Range —0.3V ta +6.0V Power Dissipation at Te ~ ~25°C (Note 3) 2000mW 
Fault Output Sink Current 20mA Thermal Resistance: junction to case BOP CW 
Line Sense Input Current timA Operating Junction Temperature +150°C 
inverting Op Amp Input Current -5mA Storage Temperature Range —65°C ta ~150°C 
Inverting Op Amp Output Current 25mA Lead Temperature (soldering, 10 seconds) 300°C 
Values ‘beyond which damage may occur. 
Note 2. Derate at 10 mW/°C for ambient temperatures above +50°C 
Note 3, Derate at 16 mW°C for case temperatures above +25°C, 
i 
RECOMMENDED OPERATING CONDITIONS (Note 4) 
Line Sense Output Current Range Ote 10mA 
+25% Maximum Fault Window (Note 5} = +4,5V to +35V Voltage Reference Output Current Ote 10mA | 
+40% Maximum Fault Window +5.0V to +35V Operating Ambient Temperature Range 
Lower Threshold Input Range +1.50V to +2,.45V SG1548 —B5°C to + 125°C 
Fault Tolerance Window Range 42% to +40% SG2548 25°C to 185°C 
Fault Output Sink Current Range Oto 10mA $G3548 ore to +70°C 
Note 4. Range over which the device is tunctional and parameter limits are guaranteed 


Note 5. Limited by inverter amplifier positive swing at 


—§5°C. 
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QUAD POWER FAULT MONITOR 


ELECTRICAL CHARACTERISTICS 
(+V jy = 15 volts, and over operating temperature, unless otherwise specified) i 


$G1548/2548 $G3548 
PARAMETER | CONDITIONS ar MEK TIM] TEP TE | UNS 
SUPPLY 
Supply Current [ Wwa4ove CT 48 [10 48 | 10 mA 


REFERENCE SECTION (Note 6) 


a 475 | 2.500 | 2.525 
Output Voltage 


Line Regulation 
Load Regulation 
Short Circuit Current 
FAULT WINDOW GENERATOR 

Input Bias Current VPin 1 = +1.50 to +2.45V =0,4 | —71.0 
DC SENSE INPUTS 


1.030 | 1.010 
1.400 ons ae 


Vpin 1 = 0.98 x VREF 
VPin 1 = 0.60 x VR 
Vpin 1 = 0.98 x VREF 


Overvoltage Threshold 


Undervoltage Threshold 


Input Bias Current 
Threshold Supply Rejection 
FAULT DELAY SECTION 

Comparator Threshold 
Comparator Hysteresis 
Delay Charging Current 
ON Saturation Voltage 
OFF Clamp Voltage 


Note 6. IL = OMA. 


SG1548/2548 $G3548 
PARAMETER scanhierieniice | MIN | TYP | MAX| MIN| TYP | MAX | UNITS 
INVERTING OP AMP 


Input Offset Voltage 
Input Bias Current 

Output High Voltage 
Output Low Voltage 
Large Signal Voltage Gain 
Output Source Current 
Output Sink Current 


Power Supply Rejection Ratio | +VIN = 4.5 to 35V 

AC LINE SENSE SECTION 

Comparator Threshold 

Comparator Hysteresis mV 
Input Bias Current i 2 LA 
Collector Leakage Current VCE = +40V 

Collector Saturation Voltage Io = 10mA V 
Emitter Output Voltage le = 10mA Vv 
Diode Clamp Voltage pos = = ms H 
FAULT LOGIC OUTPUTS (Each output) 
‘Collector Leakage Current Vc = +40V . | 1 | 10 Lew 10 uA 
Collector Saturation Voltage | Io = 10mA 0.2 | 05 0.2 | O5 Vv 


ORDERING INFORMATION 


Part Number Ta Operating Range Package 
SG1548J —55°C to +126°C 16 Pin Ceramic DIP 
$G2548J —25°C to +85°C 16 Pin Ceramic DIP 
$G3548J O°C to +70°C 16 Pin Ceramic DIP 
SG3548N O°C to +70°C 16 Pin Plastic DIP 
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sal DESIGN NOTES 


BIAS SUPPLY 


PACKAGE DIMENSIONS 


$G1548 
Sense 1 vin @ 


+24¥ 420% 0 


124K” 


+5V £108 0 SENSE 2 O.¥. FAULT (8) OVERVOLTAGE 


+164 680 UMDERYVOLTAGE 


-15¥4 880 


ya4 OHMB 


J PACKAGE 
16 PIN CERDIP 
ALLOY 42 LEADFRAME 


Line SENSE COLLECTOR (7) LIME FAULT 


In this application example, the SG1548 simultaneously monitors four DC voltages: +5 V, 
+24 V, and +15 V. Three different fault tolerances are programmed: +5% on the two 15-V 
supplies, +10% on the +5-V suply, and +20% on the +24-V supply. The 5-\\F capacitor provides 
125 milliseconds of fault delay. 


APPLICATION INFORMATION 


Setting the fault tolerance window 
The fault tolerance window is Set by applying a voltage less than the +2.50-V 
reference to the Lower Threshold input (pin 1). The voltage is obtained by a 
resistor divider from the reference {pin 3) to ground, Ifa 2% tolerance is desired, 
‘then 98% af the reference (+2.45 V) is applied to pin 1. If 40% is wanted, then 
60% of the reference (+1.50 V) is applied. In the application circuit, the tolerance | 
is 5% since the divider produces 95% of the reference (2.375 V) at the Lower 
Threshold pin. The nominal overvoltage and undervoltage thresholds are centred 
' about the reference at 2.625 V and 2.375 V {+2:500-V 0.125 V). 


N PACKAGE 
16 PIN PLASTIC DIP 


COPPER ALLOY LEADFRAME | 


CHIP DIMENSIONS 


Scaling the monitored supply voltages 
Each positive voltage to be monitored is divided. down to +2.50 V with a resistor 
network, and connected to one of the Sense inputs. Unused Sense inputs should 
be connected to the reference. This will not increase the bias current. A variation 
_of the monitored voltages out of the programmed tolerance range will cause the 
appropriate overvoltage or undeérvoltage fault output to switch low. 
» The effective tolerance on any input may be broadened with an additional resistor 
to the voltage reference. The application circuit shows a 10% tolerance on the 
+8 V supply although the $G1548 is programmed for a 5% tolerance. 


| Monitoring a negative voltage S 

A negative voltage can be converted to a positive one and simultaneously scaled 
to +2.50 V by using the internal operational amplifier as an. inverter. Only an input | 
resistor and feedback resistor are required. i 


Setting the fault delay 

A single capacitor at the Delay pin sets the time an out-of-tolerance fault must — 
_ persist before a fault is actually declared. This feature allows switching noise on CiLiCOn fAneral. ab 
L3ps supplies to be rejected. The delay time is given by: 7 
& Silicon General Inc. * 11651 Monarch Street 


delay = = 25 milliseconds/miorofarad |» Garden Grove, CA 92641 * U.S.A, Tele- 
a phone: (714) 892-5531. TWX: 910-596- 
AC line monitoring 1804. Telex: 69-2411, 


The AC line voltage can be monitored for single-cycle dropouts with the few | 
components shown in the application circuit. A half-wave rectifier charges the | (UK. Distebuters 

capacitor on positive line cycles. After the positive peak and during the negative = power Technology Lid. + Bulton Road + 
line cycle the capacitor discharges from a fixed voltage controlled by the internal READING RG2 OLT. Telephone: (0734) 
zener diode. If a positive cycle is missing, the capacitor discharges to below the §=—g66 760. | , 

« AV trip. point of the > comparator, causing the output transistor to turn on. _ 


ELEKTOR ELECTRONICS JULY/AUGUST 1990) | 


LOW-NOISE OPAMP WITH HIGHEST 
G/BW PRODUCT 
The new OP-61 from Precision Monolithics 
Inc. is a low-noise operational amplifier 
claimed to feature the highest gain/band- 
width (G/BW) product of any monolithic de- 
vice currently available, 

The OP-61's G/BW product of 200 MHz at 
| MHz is 70% greater than that from any 
previously available low-noise operational 
amplifier, and results from the use of PMI's 
new double-diffused p-n-p high-speed bipo- 
lar process, 

In addition to the device's high bandwidth 
and low noise (3 nV/vHz at | kHz) the OP- 
61 has a high open-loop gain (400 V/m¥V) 
and a low offset voltage (200 UV typ.). In 
addition, the OP-6I°s high slew rate 
(40 V/us), short settling time (330 ns to 
0.01%} and wide bandwidth provide high 
performance in applications such as high- 
speed signal conditioning, pulse/RF ampli- 
fiers, active filters, and general wideband 

_ instrumentation. 


Precision Monolithics « Bourns Electro- 
nics Ltd. * 90 Park Street » CAMBERLEY 
GUI5 3NY. Telephone: (0276) 692392. 
Fax: (0276) 691037. 


LOW-PROFILE 1,5-A BRIDGE RECTI- 
FIERS 

skra has announced a new low-profile ver- 

sion of its 1.5-A general-purpose bridge rec- 


? eee a 
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tifier measuring 5.1 mm body height and 
9.2 mm diameter. 

The BxxC1500 range of full-wave recti- 
fiers offer considerable cost savings com- 
pared to inserting and soldering four 
individual diodes to a PCB. 

A high surge forward current rating of SOA 
is a feature of the silicon rectifier chip used 
in the bridge circuit which is available in six 
ratings from 100 V to 1,000 V. 

In the same family, for a lower-power cir- 
cuit, two other bridge rectifier ranges with 
current values of 800 mA and | A are pro- 
duced. 


Iskra Ltd. » Redlands * COULSDON CR3 
2HT. Telephone: (01-668) 7141. Fax: (O1- 
668) 3108. 


NEW RANGE OF KNOBS FROM BUL- 
GIN 


The Ritel range of push-fit knobs ts available 
from Bulgin in a choice of black or light grey 
bodies (matt finish), while white collet ver- 
sions are manufactured in light grey, dark 
grey, black and red (matt and gloss finishes), 
or metallised. In addition to traditional round 
models, the Ritel range includes wing- and 
arrow-shaped formats and a low-profile ver- 
sion with its height reduced by about 20%, 
which is particularly suitable for all in- 
strumental construction requirements. 

A comprehensive selection of caps is avail- 
able offering various shapes and colours and 
a variety of markings. 

A fully illustrated catalogue on the Ritel 
range of knobs and caps is available from 


A..F, Bulgin & Co. PLC + Bypass Road « 
BARKING IGIIL 0AZ. Telephone: (01- 
594) 5588. Fax: (01-591 6913). 
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DTI TAKES EMI MEASUREMENT ON 
THE ROAD 

The Department of Trade and Industry's 

(DTI) Radio Investigation Service (RIS) has 

taken delivery of an EMI] measuring system 

which enables it to meet the needs of the 

EC’s forthcoming EMC directive. 

Supplied by Chase EMC, the system is 
portable to ensure that in-house and on-site 
measurement can be carried out with equal 
ease. This is necessary because the all-en- 
compassing nature of the legislation de- 
mands the measurement of product's 
emissions which can not be measured at 
traditional measuring siles. 

The new Chase system operates from 12 V 
battery packs compactly configured on a 
rugged transportable trolley. Two Chase 
CISPR) measuring receivers are used, 
together with a complement of broad-band 
calibrated antennas. 

VHF/UHF antennas measuring height can 
be raised up to six metres from ground level. 
Polarisation can be set using a new transport- 
able mast system. 

The measuring receivers are fully GPIB 
controllable. IBM PC compatible software is 
available for future upgrades to allow auto- 
matic measurements and data storage to be 
made ‘on site’ using a laptop computer as an 
instrument controller. 

The following calibrated broad-band an- 
tennas were supplied: active loop for 9 KHz 
to 30 MHz; biconical for 30 MHz to 
300 MHz; and log periodi¢c 300 MHz to 
1000 MHz, 


Chase EMC Ltd. « St. Leonard's House « 
St. Leonard's Road + Mortlake *» LON- 
DON SWI4 7LY. Telephone: (081 878) 
7747. Fax: (081 876) 5928. 


IN QUEST OF A PANGRAM 


The pangram problem 


Some years ago, a Dutch newspaper, the 
Niewwe Rotterdamse Courant, carried an 
astonishing translation of a rather tongue- 
in-cheek sentence of mine that had previ- 
ously appeared in one of Douglas Hofs- 
tadter's Scientific American columns 
(“Metamagical Themas”, January 1982). 
Both the translation and an article describ- 
ing its genesis were by Rudy Kousbroek, a 
well-known writer and journalist in Hol- 
land. Here is the original sentence: 


Only the fool would take trouble to verify that 
his sentence was composed of ten a's, three p's, 
four c's, four d's, forty-six e's, sixteen f's, four 
e's, thirteen A's, fifteen /'s, two k's, nine /'s, four 
ms, twenty-five a's, twenty-four o's, five p's, 
sixteen /’s, forty-one s's, thirty-seven f's, ten 
a's, eight +"s. eight »'s, four x's, eleven y's, 
twenty-seven commas, twenty-three apostro- 
phes, seven hyphens and, last but not least. a 


single / 


Complete verification is a tedious task: 
unsceptical readers may like to take my 
word for it that the number of letters and 
signs used in the sentence do indeed corre- 
spond with the listed totals. A text that in- 
ventories its own typography in this fash- 
ion ts What I call an autogram (auto = self, 
gramma = letter), Strict definition is un- 
necessary, different conventions giving 
rise to variant forms; it is the use of cardi- 
nal number-words written out in full that 
is the essential feature. Below we shall be 
looking at some in which the self-enumer- 
ation restricts itself to the letters employed 
and ignores the punctuation. 

Composing autograms can be an exact- 
ing task, to say the least. The process has 
points in common with playing a diaboli- 
cally conceived game of patience. How 
does one begin? My approach 1s to decide 
first what the sentence is going to say and 
then make a flying guess at the number of 
occurrences of each sign, Writing out this 
provisional version, the real totals can be 
counted up and the initial guess updated 
into an improved estimate. The process is 


by Lee C.F. Sallows 


repeated, trials and error leading to succes- 
sively closer approximations. This open- 
ing soon shades into the middle game. By 
now all of the putative totals ought to have 
been corrected to within two or three of 
the true sums. There are, say, nine f's in 
fact but only seven being claimed, and 27 
real 7's where twenty-nine are declared. 


An English explorer's 
self-referent account of 
his hybrid machine for 
solving a challenging 
word puzzle. 


Switching seven with the nine in Oventy- 
nine to produce nine f's and twenty-seven 
t's corrects both totals at a single stroke. 
Introducing further cautious changes 
among the number-words with a view to 
bringing off this sort of mutual cancella- 
tion of errors should eventually carry one 
through to the final phase. 

The end game is reached when the 
number of discrepancies has been brought 
down to about four or less. The goal is in 
sight but, as in a maze, proximity is an un- 
reliable guide. Suppose, for instance, a 
few days' painstaking labour have at last 
yielded a near-perfect specimen: only the 
x's are wrong. Instead of the five claimed, 
in reality there are six. Writing six in place 
of five will not merely invalidate the totals 
for e, f, s, and vy, the x in six means that 
their number has now become seven. Yet. 
replacing six by seven will only return the 
total to six. What now? 

Paradoxical situations of this kind are a 
commonplace of autogram construction, 
Interlocking feedback loops magnify tiny 
displacement into far-reaching upheavals: 
harmless truths cannot be stated without 
disconfirming themselves. Clearly, the 
only hope of dehydrating this Hydra and 
getting every snake-head to eat its own tail 
lies in doctoring the text accompanying 


the listed items. In looking at the above 
case, for example, only a fool will fail to 
spot instances where style has been com- 
promised in deference to arithmetic. Short 
of a miracle, it is only the flexibility 
granted through choice of alternative 
forms of expression that would seem to 
otfer any chance of escape from such a 
labyrinth of mirrors. 

This ts what made Kousbroek’s transla- 
tion of my sentence so stunning. Number- 
words excepted, his rendering not only ad- 
hered closely to the original in meaning, it 
was simultaneously an autogram in Dutch! 

Or at least, so it appeared at first sight. 
Counting up, I was amused to find that 
three of the sums quoted in his sentence 
did not in fact tally with the real totals. So 
I wrote to the author pointing out these 
discrepancies. This resulted a month later 
in a second article in the same newspaper. 
Kousbroek wrote of his surprise and dis- 
may in being caught out by the author of 
the original sentence, “specially come 
over from America, it scems, to put me 
right.” The disparities | had pointed to, 
however, were nothing new to him, A sin- 
gle flaw had been spotted in the suppos- 
edly finished translation on the very morn- 
ing of submitting his manuscript. But a 
happy flash revealed a way to rectify the 
error in the nick of time. Later, a more 
careful check revealed that this “brain- 
wave’ had in fact introduced even more 
errors elsewhere. He'd been awaiting ‘the 
dreaded letter with its merciless arith- 
metic’ ever since. The account went on to 
tell of his titanic struggle in getting the 
translation straight. The new version was 
included; it is a spectacular achievement, 

The tail concealed a subtle sting, how- 
ever. At the end of his story, Kousbroek 
threw out a new (letter-only) autogram of 
his own: 


Dit pangram bevat vijf a's, twee d's, twee c's, 
dric d's, zesenveertig e's, vijf f's, vier g's, twee 
h's, vijttien is, vier j's, een &, twee /'s, twee 
m's, zeventien v's, een @, twee p's, een yg, zeven 
rs. vierentwintig s’s, zestien f’s, een 4, elf v's, 
acht hs, cen v, een y en zes 2's. 


Lee Sallows is an English electronics engineer employed at the Psychology Laboratory of the University of Nijmegen. Besides the design and con- 
struction of electronic instruments associated with psychological experiments, he does a good deal of translation work, mostly of scientific and tech- 
nical papers. A self-confessed dilettante. his interests have included ham radio, psychoanalysis. classical guitar, recreational mathematics and linguis- 
tics, impossible figures, logical paradoxes, Sherlockian studies, runclogy, mountain walking, and writing. 
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IN QUEST OF A PANGRAM 


The automatic number-word selector board that transformed the original pangram machine into the Mark Il version. On the left, 18 window-detector chips 
determine the number of g's, /'s, x's, and y's. At right , four more integrated circuits and 24 transistors switch in the appropriate PRoFILEs on the resistor- 


bearing cards above. 


A finer specimen of logological ele- 
gance 18 scarcely conceivable. The sen- 
tence is written in flawless Dutch and 
couldn't possibly be expressed in a crisper 
or more natural form. In ordinary transla- 
tion, it says, “This pangram contains five 
as, two b's, two c's ... one y, and six z's.” 
JA pangram, it is necessary to explain, is 
simply a phrase or sentence containing 
every letter of the alphabet at least once 
(pan = all, gramma = letter). This article is 
about self-enumerating pangrams, that is, 
pangrams that are simultaneously auto- 
grams. In such pangrams, some letters will 
occur only at the point where they them- 
selves are listed (look at &. 0, g, ux, ¥).] 
Following this pangram came a devilish 
quip in my direction: “Lee Sallows will 
doubtless find little difficulty in producing 
a magic English translation of this sen- 
tence.” wrote Kousbroek. 

Needless to say, I didn't manage to find 
any errors in fis sentence of his! 


Autograms by computer 


Rudy's playful taunt came along at a time 
when I had already been looking into the 
possibility of computer-aided autogram 
construction. Anyone who has tried his 
hand at composition will know the 
drudgery of keeping careful track of letter 
totals. One small undetected slip in count- 
ing can later result in days of wasted work. 
At first ] had envisaged no more than an 
aid to hand-composition: a program that 
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would count letters and provide continu- 
ous feedback on the results of keyboard- 
mediated surgery performed on a sentence 
displayed on screen. Later I began to won- 
der what would happen with a program 
that cycled through the list of number- 
words, checking each against its corre- 
sponding real total and making automatic 
replacements where necessary. Could au- 
tograms be evolved through a repetitive 
process of selection and mutation? Several 
such LISP programs were in fact written 
and tested; the results were not unpre- 
dictable. In every case, processing would 
soon become trapped in an endless loop of 
repeated exchanges. Increasing refine- 
ments in the criteria to be satisfied before 
a number-word was replaced would win 
only temporary respite from these vicious 
circles. 

What seemed to be needed was a pro- 
gram that could look ahead to examine the 
ramifications of replacing nineteen by 
twenty, say, before actually doing so. But 
how is such a program to evaluate or rank 
prospective substituuions? Goal-directed 
problem solving converges on a solution 
by using differences between intermediate 
results and the final objective so as to steer 
processing in the direction of minimizing 
them. The reflexive character of auto- 
grams frustrates this approach. As we have 
seen, proximity is a false index. ‘Near-per- 
fect’ solutions may be anything but near in 
terms of the number of changes needed to 
correct them, while a sentence with as 


many as eight discrepant totals might be 
perfected through replacing a single num- 
ber-word. If hand-composition is obliged 
to rely on a mixture of guesswork, word- 
chopping, prayer, and luck, how can a 
more intelligent strategy be incorporated 
into a program? 

I was pondering this impasse when 
Rudy Kousbroek's challenge presented it- 
self, distracted my attention, and sent me 
off on a different tack, The sheer hopeless- 
ness of the undertaking caught my imagi- 
nation. But was it actually impossible? 
What a comeback if it could really be 
pulled off! The task was to complete a let- 
ter-only autogram beginning, “This pan- 
gram contains ...”. A solution, were it dis- 
coverable, must in a sense already exist 
‘out there” in the abstract realm of logo- 
logical space. It was like seeking a number 
that has to satisfy certain predetermined 
mathematical conditions. And nobody— 
least of all Kousbroek—knew whether it 
existed or not. The thought of finding it 
was a tantalizing possibility. Reckless of 
long odds, I put aside programs and 
launched into a resolute attempt to dis- 
cover it by hand-trial. 

It was a foolhardy quest. a search fora 
needle in a haystack without even the reas- 
surance of knowing that a needle had been 
concealed there in the first place. Two 
weeks’ intermittent effort won only the 
consolation prize of a near-perfect solu- 
tion: all totals correct save one; there were 
21 fs instead of the 29 claimed. With a 


GENERAL INTEREST 


The SUMPROFILE 


LABEL PROFILE NUMBER-WORD LETTER 
6 fgh i ttnaorfrstuvwrry | 

27 (3000002 00 1 01 101) twenty-seven E 

6 f ©6060 10 60 OO 1060080 01 0) six fF 
(2001 000 01 0100 000) three G 
(A400 42 6 DE 0 REAL BH Bj five H | 

Na (3000 07 1 0DO OD OOt OOD} eleven { 

2 (0000 00 0 10 0100 100) two L 

20 (1000001 00 0200 101) twenty N 

14 (210000 1 11 0141410 000) fourteen (e) 

6 (0000 10 0 O60 41 006 O11 0) six R 

28 ( 2077 79 Tf OD BD SOO 10 17) twenty-eight S 

29 (200602 7:2 & OO GD 20 0 107) twenty-nine T 

3 (20017 60 0 861 90 100 OGD) three U 
(0000 10 0 00 1 000 010) six Vv 

10 (200 8 00 1 60 DTD T0060 0 D DI ten WwW 
(0100 00 0 11 0D OHO OD DOF four x 
(ato o 1 0 00 0 01 0900) five Y 
( 7222 41 70 11224712 6 t+ Tt) INITIAL TEXT CONSTANTS 
(27 63 5 11 2 20 14 6 28 21 3 6 10 4 5} SUMPROFILE 


Fig. 1. A stack of PRoFILes and initial text constants are added to produce a SumPROFILE. The example shown is the hand-produced near-perfect pangram. All 
SUMPROFILES and label numbers coincide except that for T. 


smal] fudge, it could even be brought to a 
shaky sort of resolution: 

rtttt 
t 
t 
t 


this pangram contains five a's, one b, two c's, 
two d's, twenty-seven e's, six f's, three g's, five 
h's, eleven 7's, one j, one &, two I's, two m’s, 
twenly #’s, fourteen o's, two p's, one g, Six 7's, 
twenty-eight 4's, twenty-nine f's, three a's, six 


v's, ten "s, four x's, five y's, and one 2. 


To the purist in me, that single imper- 
fection was a hideous fracture in an other- 
wise flawless crystal. Luckily, however, a 
promising new idea now suggested itself. 
The totals in the near-solution must repre- 
sent a pretty realistic approach to what 
they would be in the perfect solution, as- 
suming it existed. Why not use it as the 
basis for a systematic computer search 


through neighbouring combinations of 
number-words? Each of the near-solution 
totals could be seen as centred in a short 
range of consecutive possibilities within 
which the perfect total was likely to fall. 
The number of /''s, say, would probably 
turn out to lie somewhere between two 
and ten, a band of nine candidates clus- 
tered about ‘six’. With these ranges de- 
fined. a program could be written to gen- 
erate and test every 
twenty-six number-words constructible by 
taking one from each. The test would con- 
sist in comparing these sets of potential to- 
tals with the computed letter frequencies 
they gave rise to, until an exact match was 
found, or until all cases had been exam- 
ined. Blind searching might succeed 
where cunning was defeated. 


combination of 


Profiles 


It isn't actually necessary to deal with all 
twenty-six totals. In English there are just 
ten letters of the alphabet that never occur 
in any number-word between zero and 
hundred, the one too low and the other too 
high to appear in the pangram. These are 
ab, ce. d, jk, m, p,q. and z. The totals for 
these letters can thus be determined from 
the initial text and filled in directly: 


This pangram contains five a's, one >, two c's, 
two d's, ? e's, 7 f's, ? g's. ? A's, 7 i's, one j, one &,? 
fs, two ms, ? n's, ? o's. two p's. one gq, ? 9's, 7 5's, 
77's.) a's, ? v's, ? ws, 2 a's, ? v's, and one 2, 
This leaves exactly sixteen critical to- 
tals. Counting up shows that there are al- 
ready 7 e's, 2 f's, 2 g's, 2 f's, 47's, 1 1.10 
n's, 11 o's, 2 r's, 24 5's. 7's, 1 uw, 2 v's, 5 
w’s, | x, and 1 y: sixteen constants that 
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Fig. 2. The range of frequency values to be consid 


must be added to those letters occurring in 
the trial list of sixteen number-words. 

Though straightforward in principle, 
the program I then set out to write carried 
its practical complications. Number-words 
lack the regularity of numerals (in what- 
ever base notation), still less the harmony 
of the numbers both stand for. An obvious 
step was to replace number-words by pRo- 
FILES; alphabetically ordered sixteen-ele- 
ment lists representing their letter content. 
The PROFILE for fwenty-seven, for instance, 
would be: 


efghilnorstuywxy 
3000002001201101) 


The letters above the list are for guid- 
ance only, and form no part of the PROFILE 
itself. A special case was the PROFILE for 
one, which provided for the disappearance 
of plural s (‘one x, two 4's”) by including 
-| in the s position. PROFILEs for all num- 
ber-words up to fifty (anything higher than 
forty was unlikely ever to be needed) were 
stored in memory, and a label associated 
with each. These labels were chosen to co- 
incide with the number represented. The 
label for the PROFILE of twenty-seven, for 
example, would be the decimal number 
27. 

Starting with the lowest. a simple algo- 
rithm could now generate successive com- 
binations of labels, that is, numbers, drawn 
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ered for each letter that appears in number-words. 


from the 16 pre-defined ranges. We shall 
return to these shortly. Each set of lables 
would be used to call up the associated set 
of PROFILES. These 16 PROFILES would be 
added together element for element, and 
the resulting sums in turn added to the 
above-mentioned constants so as to form a 
SUMPROFILE—see Fig. 1, The SUMPROFILE 
would thus contain the true letter frequen- 
cies for the presently activated sentence 
(the 16 number-words represented by the 
current combination of labels plus residual 
text). All that remained was for the pro- 
gram to check whether the numbers in the 
SUMPROFILE coincided with the present set 
of PROFILE labels, If so, the candidate com- 
bination of number-words agreed with the 
teal totals and the pangram had been 
found. If not, generate the next combina- 
tions and try again ... . 

The simplicity of this design conveys 
no hint of the uncounted alternatives re- 
connoitered before reaching it. The ‘obvi- 
ous” PROFILES were not quite so conspicu- 
ous as suggested, being in fact a later im- 
provement over a previous look-up table. 
Weeks were spent in exploring a quite dif- 
ferent approach that sought to exploit the 
mutual-cancelling technique formerly used 
in hand-composition. By the time the final 
version of the program had come into 
focus, half a dozen prototypes lay behind 
and several months had slipped by. In the 
mean time, cheerful enthusiasm had given 
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way to single-minded intensity as the 
problem wormed its way under my skin. 
Neither was I working entirely alone. 
Word of the pangram puzzle had spread 
among colleagues, discussion sprang up 
and contending design philosophies were 
urged. At one stage, complaint of “exces- 
sive CpU-time devoted to word games” 
came in from the University of Nijmegen 
Computing Centre, whose facilities had 
been shamelessly pressed into service. 
This was when rival programs were run- 
ning simultaneously. It was bad enough to 
be in search of a Holy Grail that might not 
even exist; the thought of someone else 
finding it first added a sticky sense of ur- 
gency to the hunt. 

The question of determining the exact 
ranges of number-words to be examined 
seemed to me an essentially trivial one, 
and | put it off until last. The important 
thing was to get the program running. For 
the time being it was enough to decide 
what the lowest combination was going to 
be, and to let the algorithm generate all 
possibilities up to, say, ten higher for each 
number-word, In terms of software it was 
convenient for ranges to be of equal 
length; ten might be unnecessarily high, 
but better the net be too large than that the 
fish should escape. Since the totals in the 
near-solution were to define the midpoint 
of these ranges, their lower limits would 
commence at about five less. ‘Fourteen 


o's,’ for instance, implied a range running 
from nine up to eighteen (or perhaps ten 
up to nineteen). The values actually set- 
tled upon—on the basis of pencil-and- 
paper trials with near-autograms—may be 
seen in Fig. 2. Ranges for each of the six- 
teen critical letters are represented as ver- 
tical scales with numbers (standing for 


INFRA-RED SENSOR SEES 
THROUGH DIRT 
Quiller Ltd. have introduced an infra-red 
proximity sensor with significant advantages 
over currently used optical sensing devices. 

The Quad-Lux sensor is small, rugged and 
reliable. Because it has no lenses, the device 
is claimed to be able to see through conden- 
sation, dirt. cloudy atmosphere and even fin- 
gers. In such unfriendly environments, the 
units have the ability to sense target objects 
up to 15 metres distant. 

The operational integrity of each pair of 
sensors is enhanced by incorporating phase- 
locked loop electronics in the switching cir- 
cuitry, climinating problems associated with 
signal confusion from other sensors or am- 
bient lighting irregularities. 

The sensors are casy to fit and adjust. Sig- 
nal cabling is at right angles with the detec- 
tion surface, for loop-free installation. 

The new sensor is said to have an oper- 
ational lifetime in excess of three times that 
of present-day sensors. The device is seen as 
ideal for applications where dust and dirt 
build up have traditionally caused problems. 
These conditions typically arise in outdoor 
applications, woodworking areas, foundries, 
nining, farms and similarly ‘dirty’ environ- 


ments. 


—— 


ss 


_ NEW PRODUCTS | 


A wide range of mounting arrangements is 
offered. Dimensions are 15x30x30 mm. 
Operating temperature range is from —25°C 
to 465°C, Typical operational lifetime is 
100.000 hours. Control amplifiers are also 
available. 


Quiller Ltd. « 2 Paisley Road * BOURNE- 
MOUTH BH6 5EU. Telephone: (0202) 
417744, Fax: (0202) 421255. 


number-words) indicating their starting 
and finishing totals. Within these ranges 
fall the hand-produced near-solution sums 
tracing out a histogram silhouette. In most 
cases these are, by definition, situated 
roughly in the middle of the range. For the 
low totals 1], g, and w, however, this is im- 
possible: in a pangram all letters must 


NEW FRONT END PIR MODULE 


The SGM5910 passive infra-red (PIR) mo- 
dule is intended for the detection of human 


body movements. The unit measures 
353030 mm, and has an in-built lens pro- 
viding coverage of 100 degrees in the hori- 
zontal plane and 60 degrees in the vertical 
plane. 

Output is of the open-collector (active- 
low) type. and the SGMS5910 will operate on 
connection of 5 to 12 VDC at | mA, 

The use of a moulded semi-hemispheric 
lens (black or white) provides a high degree 
of protection and should enable the unit to be 
added to equipment by the simple expedient 
of drilling a 25-mm hole through the face and 
inserting from behind. Versions for wall 
mounting and ceiling mounting are available 
with different pyrosensors, 


Chartland Electronics « Chartland House 
* Twinoaks * COBHAM KTI1I1 2QW. Tele- 
phone: (0372) 842553/843976. Fax: (0372) 
844264. 


WIDE RANGE OF MINIATURE CRYS- 
TALS 

Euroquartz have introduced new miniature 

quartz crystals to its wide range held in 

stock. 

A new 32.768 kHz device is available in 
two package styles: 3x8 mm and 2x6 mm. 
Frequency tolerances available include 
+15 ppm and +20 ppm and typical tempera- 
ture stability is —0.035 ppm/?C". Operating 
temperature is —10 to +60°C whilst ageing is 


occur at least once; the range cannot ex- 
tend below one (see Fig. 2.). 


duced by kind permission of Springer- i 
Verlag, Heidelberg and New York, will - 
apear in the September issue of Elektor t 


The second part of this article, repro- | 
H 
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Electronics. 
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specified as 3 ppm maximum at 25°C over 
the first year. 

HC-45/UM-1 type crystals are available in 
frequencies from 1.0 MHz to 100.0) MHz : 
with calibration tolerances of +50 ppm at } 
25°C for devices from 1.0 to 1.048576 MHz, ; 
and +30 ppm for devices from 3.579545 
MHz to 100.0 MHz, These crystals are > 
housed in a package measuring 
7.1x8.0x2.4 mm. 

Euroquartz is also stocking a wide range of 
miniature cylindrical crystals covering vari- 
ous sizes and frequency ranges including 
2x6 mm, 25.6 kHz to 200 kHz, 3x8 mm, 
16 kHz to 200.0 KHz, 3x9 mm, 3.579545 
MHz to 26 MHz, and 3x10 mm, 3,20 MHz to 
3.50 MHz. 

As well as the wide range of stock crystals, 
Euroquartz can also manufacture or supply 
devices to order. 


Euroquartz Ltd. + Blacknell] Lane Indus- 
trial Estate - Crewkerne + Somerset TAI8 
THE. Telephone: (0460) 76477. Fax: 


(0460) 77229. 


PLOTTERS FEATURE STANDARD IN- 
TERFACE OPTIONS 
Types $4 and 83 from STC Electronic Ser- 
vices are a 7-pen A4-size, and a 10-pen A3- 
size Bryans flatbed graphics pen plotter 
respectively, HPGL graphics emulation 
makes the units compatible with most estab- 
lished software packages. Both plotters are | 
suitable for ordinary paper and transparency ; 
film, and are backed with a wide variety of 
consumable options. 
Further details from 


STC instrument Services * Dewar House+ | 
Central Road « HARLOW CM20 2TA. | 
Telephone: (0279) 641641. 
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READERS’ FORUM 


LETTERS 


Letters of a general nature, or ex- 
pressing an opinion, or concerning a 
matter of common interest in the 
field of electronics (in tts widest 


sense), should be addressed to The 
Editor at our London offices. Their 
publication in Elektor Electronics is 
at the discretion of the Editor. 


LETTERS 


FLOPPY DISK DRIVE MONTOR 
Dear Sir—Since our recent correspon- 


dence, I have put together a 386/33 MHz 
machine using a Western Digital 
WDI006V-MMI drive controller. The 
Floppy Disk Drive Monitor (Efektor Elec- 
tronics July 1989 p. 24) works correctly 
with this without modification. 

The problem occurs with my old ma- 
chine that uses a WD1003-WA2 con- 
troller; as you correctly suggest, the 
MOTOR ENABLE and DRIVE ENABLE signals 
appear on different pins on connector KI. 
I will probably build a second one for the 
old machine now I know how to modify 
the circuil. 

You may be interesed to know that I 
managed to re-engineer the layout (apart 
from the display board) into a single PCB 
using PROTEL PCB designer and plotted the 
artwork direct on to copper on a Roland 


flatbed plotter. A standard OHP permanent 
ink pen provides just enough etch resis- 
tance to allow etching with reasonable ac- 
curacy. Of course, the finished pcs will 
not have the accuracy of the normal photo- 
etching method but it saves time for a 
small, one-off single-sided board. 

T enclose a copy of the artwork. As you 
will see, I have used a standard floppy 
disk power supply socket so that the unit 
can run from the computer's power supply. 
Also, I have replaced the rotary switches 
by a bir switch. I'm sure the layout could 
be improved further still. The whole unit 
is housed in a smart 3.5 in.-to-5.25 in. 
drive casing adaptor and looks very nice 
indeed in my tower casing. 

Trevor Rymell, Singapore. 


TNUINUNUUNNINII 


SWITCHBOARD 


Switchboard allows all PRIVATE READERS of 
Elektor Electronics one FREE advertisement of 
up to 108 characters, including spaces, commas, 
numerals, ete. per month. 

Write the advertisement, which must relate 
to electronics, in the coupon on this page; it 
MUST INCLUDE a private telephone number or 
name and address: post office boxes are not ac- 
ceptable. 

Elektor Electronics {Publishing) can not ac- 
cept responsibility for any correspondence or 
transaction as a result of a free advertisement or 
of any inaccuracy in the text of such an adver- 
lisement. 

Advertisements will be placed in the order in 
which they are received. 

Elektor Electronics ‘Publishing! reserve the 
right to refuse advertisements without giving 
reasons or without reLurning them, 


FOR SALE. AR Legend deck SME 3009, ARM Se- 
ries 2, £150, ARM £70, SMC speakers £20. Phone 
Mr Jenkins at (0702) 76019. 


WANTED. If you want to get rid of past issues of 


Elektor Electronics, please make an offer to Branko | 
Ozbolt, 65000 Nova Gorica, Delpinova 18, Yu- } 


gosiavia. 


PEN FRIENDSHIP. | am interested in pen friendship 
about electronics and computers. Mohammed Gran- 
far, Damavnad Ave., 15 Metri 4th, 8 Metri 6th No 10, 
17318 Tehran, Iran. 


FOR SALE. Fluke 8840A digital multimeter with 
IEEE488 and true RMS AC options £650. Phone Mr 
Mugford on (0202) 827802 after 6 p.m. 


PEN FRIENDSHIP. | am interested in pen friends 


on electronics, computers, reading and sports. Amin. 
Berdgisian, Shariaty Street, Kababian Fourway No | 


67, Hamadan 65166, Iran. 


WANTED. MA1022 ALR and MA1020 ALR National 


Semiconductor clock ICs a number of each. Mika 


Laitinen, 1 Losvoki, SF 44800, Pihtipudas, Finland. 


WANTED. MEK6802 DSE or small 6802 computer 


development kit plus manual. Mr A. Jones, tele- 


phone (0494) 786381. 


FOR SALE. Satellite, cable TV, computers, audio, 
video replacement components. Database. En- 
quiries in writing to Mr J.D. Reece, 12 Railway Cot- 
tages, Station Road. WHITSTABLE C15 1JZ. 


Send this coupon to: Elektor Electronics 
(Publishing), Down House, Broomhill 
Road, LONDON SW18 4JQ. 


Block capitals please — one character ta each box 
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READERS SERVICES 


ORDER FORM 
VAT No. 454 135 463 


Telephone Date 


All orders. except for subscriptions and past 
issues, must be sent BY POST to our London 
office using the appropriate form opposite 
Please note that we can not deal with PER- 
SONAL CALLERS. as no stock is carried at 
the editorial offices 

All prices shown are nel and customers inthe 
UK should add VAT where shown. ALL cus 
tomers must add postage and packing char- 
ges for orders up to £15.00 as follows” UK. 


BROOMHILL ROAD 
£1.00: Europe, £1.50: other countries, £2.00 


{surface mail} or £3.00 (airmail). For orders LONDON SWI8 4J@ 
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ELEKTOR ELECTRONICS 
(PUBLISHING) 
DOWN HOUSE 


p&p charges should be doubled. For orders 
over £50.00 in value, p&p charges will be 
advised, 


Please supply the following. For PCBs, front panels, EPROMs, and cassettes, state the part no. 
and description; for books, state the full title; for photocopies of articles, state full name of 
article and month and year of publication. Please use block capitals. For TERMS OF BUSINESS 
see overleaf. 


SUBSCRIPTIONS 


Subscriptions can be provided anywhere in 
ihe world: apply to Elektor Electronics + 
Worldwide Subscription Service Ltd - Unit 
4+ Gibbs Reed Farm - Pashley Road « 
TICEHURST TNS 7HE « England. 


Price (6) Vat (s) 


LETTERS 


Latters of a general nature, or expressing an 
opinion. or concerning a matter ot common 
interest in the field of electronics, should be 
addressed to The Editor Their publication in 
Elektor Electronics is at the discretion of the 
Editor 


PAST ISSUES 


A limited number of past issues {from 
July‘August 1987 onwards) is available from 
Worldwide Subscription Service Lid + Unit 
4+ Gibbs Reed Farm + Pashley Road » 
TICEHURST TN5 7HE + England. to whom 
orders should be sent. Prices including post- 
age for single copies are £1.90 (UK and Eu 
rope) €2.25 {outside Europe —surface mail) 
or £3.75 (outside Eurape —airmail) 


Method of payment (tick as appropriate): 

(1) Bank draft 

L] Cheque (payable to ELEKTOR ELECTRONICS) 

(1 Giro transfer (our A/c no. 34 152 3801) 

(1 Postal/money order 
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Card expiry date: Signature: 


Photo copies of articles from January 1978 
onwards can be provided, postage paid, at 
$1.50 (UK and Europe). £2.00 (outside Eu- 
rope —surface mail), or £2.50 (outside Eu 
rope —airmail), These copies may be 
ordered trom our editorial offices in London 
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EPROMS / PALS ‘ MICROCONTROLLERS PRINTED CIRCUIT BOARDS No. a o 


PROJECT No. Price VAT Readers who wish to make to make their 
Although we are always prepared to assist (f}  (£) own PCBs (for private and personal use RS 232 splitter 900017-1 725 1.09 
readers in solving difficulties they may ex- only) pertaining to projects published be- 000172 4.50 0.68 
perience with projects that have appeared in 0 extension for IBM 561 875 1.32 as ant March 1990 reste peatland Test box 906018 Not available 
Elektor Electronics during the PAST THREE (1 > PAL16(8) 3 oss auotineg tie PCB. oumber and iodination wes ie ie ae ane . L. 50 ee 
YEARS ONLY. we reqret thal these can not Centronics intertace 562 8.75 1.32 whether the artwork is required on paper ining allocation tester See adverton pp. 8-9 
in any circumstances be dealt with by tele for shde fader or on film. Prices per drawing, including 
phone or facsimile {4s PALI6A4) postage and packing, are £1.50 (paper — MAY 1990 
uP-contrtled radia 564 10.00 1.50 surface mail), £2.00 (paper —airmail), Acoustic temperature UPBS-1 1.95 0.29 
synthesizer (1 x 27064) £5.50 (film —surface mall), or £7.00 (film monitor 
Ponable MIDI keyboard 567 10.00 1.50 —airmail). Budget sweep'tunction 900040 700 105 
Components for projects appearing in Elektor (1 = 2764) Artwork for PCBs relating to projects generator 
Electronics are usually available from appro Pitch control for CD 568 10.00 1.50 published from the March 1990 issue on- Centronics ADC:DAG 900037D 15.25 2.29 
priate advertisers in this magazine. Ifdifficul- } Players (1 x 2764) wards car no sohbey be supplied: snatead. Introscan for CD players 900044 Nol available 
tes in the supply of components are MIDI control unit 570 10.00 1,50 eeaiy Poe: ine; eo rh Migr ge x PC servicing card See adver on pp. 8-9 
11 x 27064) y (except double-sided throug as > ares ff Ei 
envisaged, a source will normally be advised began, plated types), in a project will be included Transistor charactenstic 900058 4.75 0.71 
in the article The digital model train 572 10.00 1.50 in the article. The mirror image {reflected platting 
(1 * 2764) track lay-out) will enable readers to make 
Darkroom clack 583 9.25. 1.49 their own artwork (by photocopying and JUNE 1990 
{1 x 27128} transferring to film) Electronic ioad simulato: 900042 12.00 1.80 
The following books are currently Video mixer 5861 10.00 1.50 No. Price VAT | MIOl master keynoard Doepier Elektronik 
available: these may be ordered {1 x 2764) : ere Mini EPROM viewer 900030 «18.00 2.70 
from certain electronics retailers or Four-sensor sunshine «5921.19.00 1.50 aseer Te wecaaiardigde . PRES 1.95 0.29 
bookshops, or direct from our Lon- recorder {1 x 27726) ple piceang Ae , PLL sinewave generator 890097 Not availabl 
don office Slave indication unit 700 «= 15.00 2.25 Feedback killer 905002 Not available ee IBID Seve pT St Aare 
: - for .T.S. (1 ¢ @748H) Initialization aid tor gc0007 «14.25 2.14 | Femately controlled — see advert on pp. 68-69 
301 Circuits . ere £6.25 EPROM emulator 701 «1500 2.25 printers stroboscope 
302 Circuits £6.25 [1 » 8748H) Digita model tran 11) B7291-8 450 068 
303 Circuits £7.95 | Micro.controller driven 702 47.50 7.°3 | Dark-room clock 650 0.98 aoa ce La ae —_s 
Data Sheet Book 2 £8.25 power supply (1 « 8751) Reflex MW AM receiver 1.95 0.29 160 we ; ak Bvat 890178 o1 available 
: Autonomous 1'O 704 «47.50 7.13 Video mixer 12 a7304-2 16.25 2.44 patible crystal oscillate 
Data Book 3 i £8.95 controller (1 » 87513 Gacacitanze mater 900012 San ara Battery tester see adver! an op. 6 
Microprocessor Data book £8.95 Serie aes a inal ; Compact 1DA power 900045 11.50 1 


DISKETTES supply 
BINDERS MARCH 1990 - ; Boor chime‘alarm siren 690115 Not availanle 
PROJECT No. Price VAT | Digital model train (12; 87291-9 3.50 953 | Intermediate projects UPBS 1 1.95 0.29 


Elektor Electronics Binder £2.95 (fq) (&) Digita' trigger far Glow plug switch 900028 Not available 
FAX interface 102” 8.00 1.20 | oscilloscopes 894042 Notavailable | ini FM transmitter a96118 «4.25 0.64 
FRONT PANELS for Atar’ ST ib/w only} c IG monitor 896140 7.56 1.13 Sound d Sulatar t 900057 375 056 
for Archimedes 103° B09 1.20 | Interval control tor 900003 Notavailable | “Scie TV seceiners ae 
No. Price VAT * send formatted 3.5 in. disketle camcorders EI pee =a ae r a“ Natavanl 
{£) (£) Digital model train 108 5.75 0.86 Power line nenitor 960025 475 0.71 pace pate ponies aa ai oa 
z ower Supply O12 availa 
Autonomous I/O Logic Analyser for Atari 111 10.60 1.56 Replacement for B94078 5.50 0.49 ay Bese. uBR iE - bs pia 
cortraller 88C0184-F B50 1.28 ST (b'w only) TCA2BOA Audia power indicator 904004 3.75 0.56 
é od be Oo vail 
All-solid state : Computer-controlled 13 10.00 * 50 Surge suppressor 300016 Not available oe eelley ates! UNehavallaas 
reamplifier B90170-F1 16.75 251 Teletext decoder 4 sti k ot avai 
‘ e g90170-F2 925 139 P| es = VFO stabilizer 894923 Not available Fluid level ind.cator 904006 No} available 
901 70- .2 39 olter driver 117 5.75 0.66 Video mixer (3) 87304-3 35.50 533 ‘ inte . 904005 N fats 
LF‘HF signal tracer 990183-F 8.50 1.28 | Fax interface for IBMPCs 119 7.00 1.05 PEA PETERS SOANARES ISOSUEY UNeL avellable 
Simple AC RAM extension for BBC-B 123 5.00 6.75 APRIL 1990 Mains votlage meter 904023 Not availabie 
millvaltmeter 900004-F Nat available EPROM simulator 129 575 0.86 Automatic mains 890158 Notavalable | Thrifty flasheng LED 904018 Not available 
Video mixer 87904-F = 16.50 2.48 | RS-232 splitter 1411 5.75 0.86 | isalating switch Four-monitor driver 904067 = 5.25.79 
Q meter 900031-F 11.50 1.73 | Centronics ADC/DAC 1421 5.75 0.86 | BBD sound effects unit 900010 7.75 1.36 for PCs 
Budge! sweep'function900040-F = 10.00 1.50 Transistor characteristic 1431 6.50 0.98 Digital model train (13)87291-10 4.00 9.60 Slave mains an‘ott 804057 Nal avaiable 
generator plotting (Atari ST b/w) © meter 900031 6.00 0.96 control 
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SS es SR 


We believe ours do!!! 


Precision laboratory oscilloscopes. Triple-trace 20MHz 3 channels-3 trace. XY mode allows Lissajous patterns 
to be produced and phase shift measured. 150mm rectangular CRT has internal graticule to eliminate parallax 
error. 20ns/div sweep rate makes fast signals observable. Stable triggering of both channels even with 
different frequencies is easy to achieve and a TV sync separator allows measurement of video signals. 
Algebraic operation allows the sum or difference of channel 1 and 2 to be displayed. 50mV‘div output from CH 
1 available to drive external instrument e.g. frequency counter. Also available, 40MHz triple trace oscilloscope. 
Similar to the model described above but with 12kV tube that is super bright even at the highest frequencies. 
This instrument also has a delayed sweep time base to provide magnified waveforms and 

accurate time interval measurements. 


TOA40 (20MHz Triple Scope) £349.95 
TOB40 (40MHz Triple Scope) £549.95 


TEST EQUIPMENT — Choose from the extensive range featured in our new 580 page 
Electronics Catalogue. Available in all our shops or from WHSMITH for £2.25 or £2.75 
by mail. No carriage charge if ordering Catalogue only. 


CREDIT CARD HOTLINE 


O702 554161 


PHONE BEFORE 5PM FOR SAME DAY DESPATCH 


P.O. BOX 3, RAYLEIGH, ESSEX, SS6 8LRA. 
All items subject to availability, all items will be on sale in our shops in 
Birmingham, Bristol, Leeds, Hammersmith, Edgware, Manchester, Nottingham, 
Newcastle-upon-Tyne, Reading, Southampton and Southend-on-Sea. 


Add Carriage 75p. ALL PRICES INCLUDE VAT. 


